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1.0 INTRODUCTION 

1.1 PURPOSE OF REPORT 

On September 10, 1986, ASARCO, Inc. (Asarco) and the Envirorunental Protection 
Agency (EPA) entered into an Administrative Order on Consent in which Asarco agreed 
to condua a Remedial Investigation/FeasibiUty Smdy (RI/FS) at its Tacoma Smelter. 
A total of 14 tasks were identified in the RI/FS work plan that was developed as part 
of the consent order. Task 6 of the work plan calls for completion of a remedial 
investigation report. 

This Final Remedial Investigation report presents the results of our site characterization 
work performed during the RI. Since the RI was conducted over a two-year period, an 
Interim RI report was issued in March of 1988. This document includes the data 
sununarized in the Interim RI report. The characterization studies were designed to 
determine the namre and extent of contamination, as well as to determine the physical 
characteristics of the site. The results generated by the RI and presented here will be 
used to identify those portions of the site that require remedial action. 

12 SITE BACKGROUND INFORMATION 

1.2.1 SITE DESCRIPTION 

Task One of the RI/FS work plan is entitled "Description of the Current Situation." 
This task culminated with the completion of a report that provides a description and 
history of the site (Parametrix 1987). The following information is summarized from that 
document. 

Asarco, a New Jersey corporation, owns the Tacoma Copper Smelter located in Ruston 
and Tacoma, Washington. Of the 97+ aaes owned by Asarco, the smelter facility 
occupies approximately 67 acres. The site borders Commencement Bay, the town of 
Ruston, and nearby urban Tacoma (Figure 1-1). Surtounding land use is primarily 
suburban residential or recreational (yacht club) with nearby commercial land uses. 

During the active Ufe of the Tacoma plant its primary product was refined copper, which 
was produced on site until 1979. In March 1985, the smelter was closed due to poor 
economic conditions for copper smelting and high pollution control costs. The arsenic 
plant remained in operation through January 1986, at which time the entire facility was 
shut down. Figure 1-2 is a general layout of the site as it existed when the plant was 
closed in 1986. 

Since January 1987, the site has undergone a stabilization phase. The site stabilization 
plan called for the demolition of facUities associated with copper smelting and the 
production of both arsenic trioxide and metaUic arsenic. These facilities included 
electrostatic precipitators, brick flues, the arsenic plant and miscellaneous stmcmres. 
Since stabUization began, much of the south part of the site (where these facilities were 
located) has been leveled and, to a minor extern, graded. Figure 1-3 depicts the site 
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as it currently exists. Further demolition and stabilization of the site is expected, but at 
this time its extent is unknown. Due to the likelihood that all stmcmres on the site will 
be demoUshed as pan of a second phase site stabilization plan, no waste characterization 
was performed on the buildings that currently remain on-site. However, further 
demoUtion wiU include a classification of the waste left on the site and a determination 
of how that waste wiU be handled and disposed. 

1.2.2 SITE HISTORY 

The foUowing is a chronologic summary of site history: 

1890 - Began operation as a lead smelter. 

1905 - Electrolytic copper refinery and casting faciUties completed. Facility 
purchased by the American Smelting and Refining Company. 

1913-1917 Plant was rebuilt stack was constmcted, electrostatic precipitators were 
added. 

1923 - New ore-receiving wharf was constmcted. 

1930 - Blast furnace smelting operations were discontinued and replaced with 

reverberatories that produced slag as one by-product. 

1950 - A siUfuric acid plant began producing acid from the converter off-gases. 

1960 - The sulfuric plant was enlarged. 

1974 - A Uquid sulfur dioxide plant began operation, using a dimethylaniline 
process. 

1977 - A baghouse was installed to handle dust from the arsenic kitchen and 

metaUic arsenic plant. 

1979 - Electrolytic refinery ceased operation. 

1980-1985 Emission control devices were updated and replaced. 

1985 - Copper smelting operations were discontinued. 

1986 - Arsenic production was discontinued, and facility was taken completely 
out of production. 

1987 - Site stabUization and demolition activities began. 
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1.2.3 NATURE AND EXTENT OF PROBLEM(S) 

As a copper smelter and refinery, the principal contaminants of concem at the site are 
heavy metals. Specifically, these metals include copper, arsenic, lead, zinc, antimony, 
mercury, chromium, cadmium, and nickel. Other compounds that may be present on the 
site include dimethylaniline (DMA), which was used to manufacmre liquid sulfur dioxide. 

The Commencement Bay Nearshore Tideflats Remedial Investigation (Tetra Tech 1985) 
identified several organic compounds adjacent to the site (offshore), whose source(s) 
were not identifiable. These compounds included dibenzofuran, dichlorobenzenes, N-
nitrosodiphenylamine, 2-methylphenol, 4-methylphenol, phthalate esters, biphenyl, 
dibenzothiophene, methylphenanthrenes, retene, methylpyrenes, and l-methyl(2-
methylethyl)benzene. It is possible that historical practices at Asarco could be the source 
of some of these organic compounds. Therefore, the on-site sampling programs included 
screening for these compounds. 

The extent of the contamination at this time is unknown, and it is one of the objectives 
of the Asarco RI/FS to determine the contamination's extent. Four basic migratory 
pathways (or routes of contaminate transport) from the site will affect the extent of 
contamination. These pathways include transport by subsurface (geologic and 
hydrogeologic), surface water, atmospheric, and possibly marine environment transport 
processes. The Task 1 Report: Description of Curtent Simation (Parametrix 1987) 
describes these pathways (see Volume 5 - The Task 1 Report). A summary of that 
document foUows: 

1.2.3.1 Subsurface Conditions 

The available geologic and hydrologic data on and near the project site indicate the 
potential for surface contamination to migrate to the water table. Water balance 
estimates indicate that sufficient precipitation falls on the site to allow groundwater 
recharge, although much of the precipitation falls on paved areas and is collected before 
infiltration into the subsurface. 

Available data indicate that groundwater beneath the Asarco facility flows toward 
Commencement Bay. This flow occurs within the uppermost samrated geologic units 
beneath the southem and western portions of the site and within fiU materials beneath 
the portion of the site adjacent to Cormnencement Bay. Contaminants generally migrate 
in the direction of groundwater flow. However, vertical migration of contaminants into 
zones beneath the uppermost geologic units is limited by the relatively low permeability 
of geologic deposits underlying the site and the upward hydraulic gradients that likely 
exist beneath these underlying deposits. 

Slag and fiU leaching may also be a potential subsurface contaminant source. Laboratory 
tests evaluating the leaching properties of slag were conducted by Crecelius (1986). The 
results of those tests are summarized as follows: 

• Arsenic, copper, lead, and silver are leachable from slag. 
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• After slag has been exposed to flowing seawater for 3-4 months, both the metal 
leaching rate and toxicity decrease markedly. 

• Cadmium, mercury, nickel, and zinc are not appreciably leachable from slag. 

• Leaching rates decrease after three to four months of exposure to water. 

• The slag fill is not a significant source of trace metal loadings to Commencement 
Bay. 

However, no smdies have been done to evaluate whether the laboratory results are 
representative of acmal field conditions at the Asarco site. 

1.23.2 Surface Water Conditions 

Surface water mnoff pathways for the Asarco RI study area are, in essence, defined by 
the way stormwater drains off the site. WhUe some minor diffuse surface water mnoff 
occurs near the property boundary with Commencement Bay, the overwhelming majority 
of surface mnoff is chaimelized or directed to the existing stormwater drainage system. 
This drainage system has been identified on a general site level by the Tacoma-Pierce 
County Health Department in its 1983 report for the Washington Department of Ecology 
(Ecology) (TPCHD 1983). More specific drainage pathways have been identified from 
Asarco storm drainage blueprints. These drainage conveyances, in most cases, consist of 
pipes or conduits constructed to transport surface stormwater away from the site. Runoff 
is generaUy coUected in catch basins, conveyed to the storm drain system, and finally 
discharged to Cormnencement Bay through one of three permitted outfalls. 

A portion of the on-site surface water drainage is presently being collected and pumped 
to an evaporator system. This system can retain approximately 60,000 gallons. Water 
is treated by evaporation using gas-fed submerged burners. Solids settie out to the 
bottom of the tanks. Waste sludge from this process is dried and then shipped to 
Asarco's East Helena Lead Smelter for processing. 

The integrity of portions of the on-site storm drainage system is in doubt. Drainage 
flows at the south outfall are always low to non-existent even though a small stream with 
apparent year-round flow enters the drainage system 150 m (500 ft) from the outfall 
overflow stmcmre. Such observations suggest that surface waters are entering the 
groundwater through a break in the on-site storm drainage system. The significance of 
this leakage is presently unknown. 

Because a large portion (50%) of the site consists of impervious substrate (roofs, 
roadways, and parking lots), permeable surface soUs are not present to any large degree. 
This lack of surface soil has significance in terms of groundwater recharge by surface 
waters which is, therefore, limited by the impervious surface(s) present. 
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1.2.3.3 Atmospheric Conditions 

The Tacoma Smelter has emitted air contaminants since its constmction in 1890. The 
emissions of primary concem have been sulfur dioxide and particulate matter from the 
562-ft main stack and various low-level sources, principally the converter-reverberatory 
building. With the mstallation of control equipment in the 1970s and 1980s, particulate 
and sulfur dioxide emissions were substantially reduced. 

The following narrative summary of data gives an indication of air quality just before the 
shutdown, but it does not necessarily reflect curtent air quality. References to metal 
concentrations are provided to indicate the potential for continued soU contamination on 
the site. 

Although the only long-term high-volume air sampler near the smelter has never 
recorded a violation of the ambient (existing) air standard established for total suspended 
particulate matter, the final decade of smelter operation saw considerable concem over 
the trace metal contaminants emitted as particulate matter from the smelter. Chemical 
analysis of stack emissions in 1979 indicated the particulate matter was comprised of 46 
percent arsenic, 7 percent lead, and 0.1 percent mercury. Overall, the measurements 
indicate that the ranking of constiments were (in decreasing order): arsenic, lead, zinc, 
copper, cadmium, and chromium/mercury (PSAPCA 1980). 

Very fine particles are of particiUar concern because they do not settle out of the 
atmosphere easily and are carried deeper into the human lung. 

Since the smelter shutdown in March 1985 and the subsequent closure of the arsenic 
plant in January 1986, direct process emissions have stopped. Therefore, the large sulfur 
dioxide emissions, a major issue during smelter operation, are no longer of concem. 
However, the potential for continued emissions of particulate matter remains due to 
clean-up and demolition activity on the site. 

Asarco has monitored ambient concentrations of arsenic daily at three locations since 
1976. Two of these locations are near the boundary of Asarco's property, within the 
plant; the other is located 2,100 ft to the southwest. Through 1979, 10 percent of the 
daily average concentrations exceeded the 2 ng/rv? community exposure standard 
established later by Ecology. 

Studies of ambient arsenic concentrations in 1974 and 1977, with and without labor 
strikes, indicated arsenic concentrations were 12 and 7 times greater during smelter 
operation than during shutdowns. Average concentrations in the 1977 study were 0.73 
fig/m^ during operation of the smelter and 0.10 fig/ra^ during the strike. These 
concentrations are considerably higher than the 0.002 fig/rr? reported by Walsh et al. 
(1979) for general continental copper smelter sites. 

Lead has also been monitored near the smelter at the agency-operated monitoring 
stations at Ruston School, at N. Baltimore St., and at North 26th and Pearl Streets. 
Quarterly average lead concentrations have been below the ambient standards since lead 
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monitoring began in 1978. The lead concentration in particulate matter samples collected 
by Asarco at its five monitoring sites has been below 1.4 fig/vc? since 1977. 

Although the smelter and arsenic plant are no longer operating, on-site cleanup and 
wind may re-suspend particulate matter from the site and carry it off-site. In fact a 
number of smdies indicate significant concentrations of contaminants in the soU on- and 
off-site (Black and Veatch 1988). 

Atmospheric transport of particulate matter from the site is a potential pathway for 
continued contaminant exposure to communities near the plant. Sources include residual 
process materials, contaminated soil on the site, and dust layers on the surfaces of 
buUdings and other stmcmres. The potential for re-suspension depends on the size 
distribution and moisture content of the particulate matter, on whether it is aggregated 
or "glued" to other material, on wind strength, and on other factors. 

If the particulate matter from the site is resuspended and carried off-site by winds, 
people can be exposed by breathing or ingesting particulate matter. Factors affecting the 
impact of an exposure include the concentration of suspended particulate matter, its 
chemistry and size distribution, the duration of the exposure, and the sensitivity of the 
individual or population. 

1.2.3.4 Marine Enviroiunent 

Possible pathways for migration of contaminants from the Asarco site to the marine 
enviroiunent are currently from groundwater flow and surface water mnoff. During plant 
operation, slag dumping and spills of raw ore from barges during off-loading at the ore 
dock were also potential migration pathways. However, slag dumping into Commence­
ment Bay ceased January 1, 1973. 

Surface water mnoff throughout the Asarco site is routed to several outfalls that empty 
directly into Commencement Bay. Contaminants, primarily heavy metals, come in contact 
with rainwater and are washed from the smelter site into the marine enviroimient. Upon 
reaching Commencement Bay, contaminants are dispersed by current and tidal action. 
The effects of this contamination on the marine environment depends on their 
concentration and residence time in the discharge area. The outfaUs discharging from 
the site into Commencement Bay have NPDES permits. 

Because contaminants can leach from raw copper ore, contamination of Commencement 
Bay could also have occurted from ore spills during barge off-loading at the unloading 
docks. Significant ore spiUs have a greater effect on the marine envirormient than slag 
leaching since raw ore has higher concentrations of contaminants than those found in 
refined slag. 
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13 OVERVIEW OF REPORT 

The remedial investigation targeted six media/pathways where the namre of 
contamination or physical processes were unknown. These sbc areas included: 

• air quaUty 
• surface water 
• surface soU 
• geology 
• hydrogeology 
• marine environment 

Chapter 2 of the report describes the methods that were used to investigate these areas. 
Chapter 3 of the report describes the results of the investigations as they pertain to 
physical site characteristics while Chapter 4 addresses chemical characteristics. Chapter 
5 discusses contaminant fate and transport, and routes of migration. A baseUne risk 
assessment (RA) was conducted for the area within the site boundaries and an executive 
summary of that RA is provided in Chapter 6. The entire RA report is provided 
separately in Volume 4. Chapter 7 presents the summaries and conclusions of the RI. 
References cited during this report are provided in Chapter 8. 

Figures referenced in the text appear at the end of each chapter where they are 
referenced. Tables appear immediately following their citation, with the exception of one 
multi-page table. Table 4-8. Table 4-8 is at the end of Chapter 4. 

The complete RI is embodied in four volumes: the technical data are in Volume 2, the 
data validation report and QA/QC procedures are in Volume 3, and the baseline risk 
assessment is in Volume 4. Volume 5 is the Task 1 Report: Description of Current 
Simation. 
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2.0 STUDY AREA INVESTIGATIONS 

2.1 SURFACE FEATURES 

The 97-acre site is located on a hillside that slopes down to Commencement Bay. 
Prominent surface feamres on the site include a 560-ft stack, car mnnel, railroad mrmel, 
cooling pond, and several buildings that were associated with the copper smelting process. 
Some of the buildings located between the stack and lower portion of the site (Figure 
1-3) have been demoUshed. This area has been regraded and all that remains of the 
stmcmres are the foundations. 

An aerial mapping of the site topography and surface feamres was completed as part of 
the RI. The photograph was digitized into a computer-aided drafting (CAD) file so that 
it could be used as a base map and reference tool for altemative evaluations in the 
FeasibiUty Smdy. Also, all sampUng stations that were occupied during the RI were 
surveyed and recorded as state plane coordinates. These locations are included in the 
CAD file. 

22 AIR QUALITY INVESTIGATIONS 

No site specific field investigations were required for the air quality portion of the RI. 
The air quality investigation uses some of the data gathered from the surficial soU smdy 
(Section 2.4) and data from existing meteorological stations installed by PSAPCA and 
Asarco. The surficial soU data were collected from 22 stations sampled during this RI 
using a high-vol dust sampler. The methods and approach for these samples are 
described in Section 2.4. 

Asarco routinely collected wind speed and direction data at the Tacoma smelter as part 
of an operation curtailment program used to control ground-level sulfur dioxide 
concentrations. Wind data was collected through the end of June 1985 when all liquid 
sulfur dioxide was removed from the site. The tower was reactivated during site 
demolition although none of the data was reduced from strip charts. Asarco did not 
monitor ambient temperamre data to determine atmospheric stability or mixing height. 
However, wind speed and direction data from the Asarco tower is considered the most 
appropriate data for an air quality analysis of emissions from the Tacoma facility. 

SeaTac surface data and QuUlayute mixing height data were combined with the Asarco 
wind data to generate a complete meteorological data set. The QuiUayute mixing height 
data is representative of the marine air mass common to the Puget Sound area. SeaTac 
airport is within 20 km of the Asarco smelter and is representative of the meteorology 
of the Tacoma area. The EPA RAMMET meteorological preprocessor was used to 
create a meteorological input file for modeling analysis. 

The Asarco meteorological tower is located at the corner of Baltimore and N. 49th 
Streets and is called the tavem site. The tower is located on Asarco property 
approximately 225 m from the Asarco stack. The 18-m tower has a base elevation of 
61 m and overlooks the plant Since the tower is 8 m above the standard meteorological 
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reference height wind speeds were adjusted to 10 m using the techniques specified in 
the EPA document "On-Site Meteorological Program Guidance for Regulatory Modeling 
AppUcations," (EPA 1986). Wind speeds were not adjusted below 1.0 m/sec. The data 
are considered to be the most representative of local conditions at the site. Few hours 
of wind data for the period 1982 through June 1985 were missing (greater than 90 
percent of the data were available) and were substimted with SeaTac data. 

Figures 2-1, 2-2, and 2-3 are wind rose representations of the fuU years (1984, 1983, and 
1982) of data used for the Asarco analysis. 

23 SURFACE WATER INVESTIGATIONS 

Surface water investigations were conducted to evaluate the physical and chemical 
characteristics of mnoff entering and leaving the Asarco site. The quantity and quality 
of surface water was monitored during three rainfall events on January 28, March 22, 
and June 1, 1988. 

Flows were recorded and water samples were collected at thirteen primary surface water 
(SW) stations (Figure 2-4) every hour of a rainfall event Samples were collected by 
three teams of two persons. One team's sampling route was from SW-13 to SW-1 to 
SW-4 to SW-3. A second team sampled from SW-8 to SW-7 to SW-6 to SW-5. A third 
team sampled from SW-9 to SW-10 to SW-11 to SW-12. When it stopped raining, the 
hourly samples were composited into one sample for each station. These samples were 
composited in proportion to the measured flow at the tune of collection, giving a flow-
proportional composite sample. 

Samples were collected once at the end of each rainfall event from the four secondary 
stations and five seep stations (SP-1 to SP-5, Figure 2-4). An exception was that seep 
samples were collected at the begirming of Event 2, And samples were not collected 
from SP-3 for Event 1 or Event 3 because the seep hole had filled in with soil. Also, 
two samples of seepage from the car mrmel were collected at SP-6 (Figure 2-4) on 
December 19, 1988. 

The specific physical and chemical characterization methods are described in the 
following sections. 

2.3.1 PHYSICAL CHARACTERIZATION METHODS 

Flows were determined every hour at the thirteen primary stations (Figure 2-4). The 
"bucket and stopwatch" method was used to determine flows at SW-5, SW-8, SW-11, and 
SW-12. This method involves collecting all of the flow in a graduated bucket for a 
known length of time to give a flow rate in liters per second. Flows at SW-3 for Event 
1 were determined as the difference in flow between SW-4 and SW-2. Flows at SW-3 
for Events 2 and 3 were determined by the 'Tsucket and stopwatch" method. 
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Hourly staff gauge readings were taken at the remaining eight primary stations. Stage-
discharge curves were developed for each station using standard hydraulic principles. 
Flow was determined based on these curves. Weirs were built at these stations as part 
of the staff gauge flow determinations. 

A 90-degree, V-notched weir was used at SW-2, SW-4, and SW-13. A rectangular weir 
was used at SW-10. A rectangular weir was also used at SW-11 under high flow 
conditions and low tide. Flows were calculated from velocity measurements at SW-10 
and SW-11 when the weirs were inundated with water at high tide. A rectangular weir 
with a circular orifice was used at SW-6. A circular orifice was used at SW-7. The 
stage discharge curve for SW-1 was based on pipe flow from a stiUing pond that was 
under inlet control. 

Flows at the four secondary stations were measured with the "bucket and stopwatch" 
method at the time of sample coUection during the first and third sampling event. 

2.3.2 CHEMICAL CHARACTERIZATION METHODS 

2.3.2.1 Sample CoUection 

Two liters of water were collected directly into sample bottles at the primary stations. 
Four liters of water were collected at the secondary and seep stations. The low water 
level at SW-5 and the first five seep stations made it necessary to coUect water in a 
decontaminated 1-L beaker and transfer it into the sample bottle(s). 

Two samples of car mnnel seepage were collected at SP-6 by catching drops of water 
directly into a 1-L bottle with a funnel. One sample (Seep A) was taken from a crack 
located on the north side of the mnnel, about two-fifths of the way into the mnnel from 
the west end. The other sample (Seep B) was.taken from a crack located in the middle 
of the south side of the mrmel. 

Decontaminated 2-L glass bottles were used when samples were to be analyzed for 
organics. Glass bottles or plastic cubitainers were used when samples were to be 
analyzed for metals and solids only. 

Temperamre, pH, and conductivity was recorded at the time of sample collection when 
the field meters were functioning. All samples were stored on ice prior to compositing 
and shipment to the laboratory. 

2.3.2.2 Sample Processing 

Samples were processed in Asarco's Tacoma laboratory within 48 hours of collection. 
Hourly samples from the primary stations were composited into one sample according 
to flow. A portion of water was taken from each hourly sample in an amount 
proportional to the flow measurement at that hour to yield a final volume of 3 L. For 
example, if the flow at the first hour was 10 percent of the sum of flow measurements 
over the entire sampling event then a 300 mL volume of the first hour sample was 
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poured into the composite bottle. Thus, the flow-proportional composite samples were 
of a quaUty that was representative of the whole sampling period. 

The composite primary samples, secondary samples, and seep samples were inverted 
several times and poured into bottles provided by the analytical laboratory. Three 1-L 
glass botties were fiUed for organics. A 1-L polyethylene bottle was filled for total 
metals. A 0.5-L polyethylene bottie was filled for total suspended solids. Each sample 
was pumped through a 100-;* glass fiber pre-filter and a 0.45-fi membrane filter into a 
1-L polyethylene bottle for dissolved metals. The samples for metals (both total and 
dissolved) were then preserved with 0.2 percent ultra-pure nitric acid. 

All compositing glassware, filtering equipment and re-used sample composite bottles were 
decontaminated according to Puget Sound Protocols (Tetra Tech 1986). 

A sample from each station for Event 1 was sent to the laboratory for organics analysis. 
Due to msufficient sample volume, samples from SW-5, SW-10, and SP-3 were not sent 
for organics analysis. A sample from SW-5, SW-6, SW-10, and SW-11 for Event 2 was 
sent to the laboratory for organics analysis. A field replicate for organics was sent with 
the batch of samples for Event 1 only. And a rinsate blank for organics was sent for 
Event 1 and 2. 

A sample from each station for all three events was sent to the laboratory for metals and 
total suspended solids analysis. SP-3 for Events 1 and 2, and SW-8 for Events 2 and 3, 
were not sent to the laboratory. This is because soil filled in SP-3, and there wasn't 
flow at SW-8. Two samples were sent for SW-11 for Events 2 and 3. The last hourly 
sample for Event 2 and the first two hourly samples for Event 3 contained water that 
had backed-up the outfall, and they were sent for separate analysis. A field repUcate 
sample and a rinsate blank for metals and total suspended solids were sent for each 
event. 

All samples were packed in insulated containers with blue ice, chain-of-custody forms, 
and an analysis request Ust The analysis request list was as follows: 

Metals: Organics: 

Antimony Low molecular weight polycyclic aromatic hydrocarbons (LPAH) 
Arsenic High molecular weight polycyclic aromatic hydrocarbons (HPAH) 
Cadmium Dibenzofuran 
Copper Dichlorobenzenes 
Lead 2-methylphenol 
Mercury 4-methylphenol 
Nickel Phthalate esters 
Zinc 1-methyl (2-methylethyl) benzene 
Total suspended Biphenyl 

solids Dibenzothiophene 
Methylphenanthrenes 
Retene 
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Methylpyrenes 
PCBs 
Dimethylaniline 

Conductivity and pH measurements were taken on most samples in the processing 
laboratory before they were sent to the analytical laboratory. All samples were sent 
priority air (overnight deUvery) to the Asarco laboratory in Salt Lake City, Utah. The 
organics samples were then sent to Lancaster Laboratories in Lancaster, Pennsylvania. 

2.3.2.3 Sample AnzUysis 

Laboratory analytical methods are given in Volume 3 - Data Validation Reports. 

2.4 SURFACE SOIL INVESTIGATIONS 

Surface soU, defined as soU to a depth of 12 inches, was sampled to determine the extent 
of surface soU contamination at the site and to help define its impacts on groundwater 
and surface water. Surface soil testing also provided data on the avaUabUity of" 
contaminated dust-sized particles for wind transport. This data was then used to 
calculate contaminated fugitive dust emissions from the site. 

2.4.1 SOIL SAMPLE LOCATIONS 

SoU sampling field activities began October 21, 1987 when sampling stations were located 
and flagged. Four major areas were identified for soil sampling. These foiu- areas 
cortesponded to smelter activities identified as likely sources of contamination based on 
historical use: 

• Plant Administrative Area 
• Cooling Pond 
• Site Stabilization Area 
• Off-Site Area 

The location of surficial soil sampUng sites is shown on Figure 2-5. The acmal soU 
sampling sites were determined by placing a triangular grid over the site. Most of the 
eastem portion of the site was not sampled for surficial soil because that part of the site 
is paved and has very limited surface soil exposure. 

Soil sampling activities were split into two rounds. Round 1 ocaured in October and 
November of 1987 and was Umited to within the site boundaries. The Round 1 soil 
sampling began on October 27, 1987. Initial sampling was done in the Plant 
Administrative Area, On October 28, the Cooling Pond Area was sampled, and soil 
sampling started in the site stabilization area on November 3, 1987, Round 2 occurred 
in October of 1988 and included some off-site areas and further characterization of the 
cooling pond area. During Round 2, soil samples were collected from the cooling pond 
and off-site areas in October 1988. 
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Because the ore handling and processing areas consist largely of solidified slag or are 
paved, specialized techniques were used to obtain surficial dust samples. Although such 
samples are not soU, they do represent the particulate material available for entrainment 
by the wind. Such samples are necessary to determine levels of hazardous constiments 
in fugitive dust. Surficial dust samples were collected on November 18 and 19, 1987. 
Table 2-1 shows the number and type of soil samples taken by site area. 

Soil sampling sites were numbered by location and type of sample obtained. Soil 
samples are identified by the prefix "SS." SoU samples identified with the prefix "SS2" 
were coUected in October 1988 during the second round of sampling. Surficial dust 
samples are identified by the prefix "NEA" (NEA Inc. developed the sampling and 
analytical protocols used for characterizing the level of contamination present in the fine­
grained fractions of such samples.) SoU sampling stations were numbered as follows: 

Site StabUization Area: SS-01 to 50, NEA 5 to 14 
Cooling Pond Area: SS-51 to 60, SS2-01 to SS2-05, NEA 3 and 4 
Administrative Area: SS-61 to 70, NEA 1 and 2 
Ore Processing Area: NEA 15 to 22 
Off-Site Areas: SS2-06 to SS2-27 

Stations SS-05, SS-07, SS-14, SS-15, SS-17, SS-18 could not be sampled. They are located 
atop the foundations of the arsenic kitchens and the Godfrey Roaster buildings. 

A total of 99 surficial soils samples were collected and 30 dust samples were collected. 

2.4.2 SOIL SAMPLE COLLECTION 

Soil samples were obtained using a 3-inch-diameter stainless steel hand auger. Surficial 
materials (such as slag cmsts or organics such as grass) were carefully removed. The 
soil, which consisted of mixed sands and gravels at all locations, was sampled using the 
hand auger. Two to 5 penetrations with the auger were required to extract enough soil 
for sample preparation. Soil samples were deposited into a stainless steel bowl. The 
bowl was shaken by hand to separate the gravel from the lighter soil. After removal of 
the gravel, the soil was homogenized thoroughly, separated into quarters, and an aliquot 
from each quarter placed into a sampling container. All samples were obtained in this 
manner except for two soil sampUng stations: SS-61 and SS-62. Because large rock 
fragments and pieces of slag at these two stations precluded using a hand auger, the soil 
samples were coUected with a stainless steel trowel. 

2.4.3 ANALYTICAL PARAMETERS 

Surficial soil samples coUected during the first round of sampling in October and 
November 1987 were analyzed for hazardous substance list (HSL) semi-volatile organics 
(Acid and Base Neutral Extractables), total metals and Extraction Procedure Toxicity 
(EPTox) metals. Surficial soil samples collected during the second round of sampling in 
October 1988 were analyzed for total metals, EPTox metals, arsenic at the surface, and 
arsenic only at three depths: 3 to 4 inches, 6 to 7 inches, 11 to 12 inches. 
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Table 2-1. Number of soil samples taken in various Asarco site locations. 

Type of Sample 

SoQ 

Surficial Dust 

QA. 
One set, sampling 
containers 

Field Blank, rinsate 

Duplicate 

Plant 
Administrative 

Area 

10 

2 

0 

0 

1 

San 

Cooling 
Pond 

15 

2 

0 

0 

2 

ipling Location 

Site 
Stabili7.ation 

Area 

44 

10 

1 

1 

2 

Ore 
Handling 

and 
Processing 

0 

8 

0 

0 

0 

Off-site 
Area . 

- 20 

0 

0 

-- 0-

1 

The laboratoiy analytical protocol and QA/QC procedures are presented in Volume 3. 
The list of compounds/elements analyzed for in the Round 1 and 2 samples follows: 

Total Metals - Round 1 

Arsenic, Cadmium, Chromium, Lead, Antimony, Mercury, Copper, Zinc, 
Nickel, Silver, Selenium, Thallium, Barium, Uranium 

Total Metals - Round 2 

Arsenic, Cadmium, Chromium, Lead, Antimony, Mercury, Copper, Zinc, Nickel 

EPTox Test - Round 1 

Metals: Arsenic, Chromium, Mercury, Silver, Cadmium, Lead, Selenium, Barium 

EPTox Test - Round 2 

Metals: Arsenic, Barium, Cadmium, Chromium, Copper, Lead, Mercury, Selenium, 
Silver, Zinc 
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Base Neutral Organics - Round 1 

Dibenzofuran, Dichlorobenzene, Phthalate esters, low and high molecular weight 
polycyclic aromatic hydrocarbons (LPAH and HPAH) 

Acid Extractable Organics - Round 1 

2-methylphenol, 4-methylphenol, dibenzothiophene, methylphenanthrenes, 
1-methyl (2-methylethyl) benzene, biphenyls 

Other Analytes - Round 1 

dimethylanUine, uranium, radium-226, gross alpha, pH, PCBs 

Arsenic with Depth - Round 2 

Arsenic analyzed at depths of 3 to 4 inches, 6 to 7 inches, 11 to 12 inches 

2.4.4 DECONTAMINATION OF SAMPLING EQUIPMENT 

Sampling equipment was decontaminated between collection of each sample. The 
decontamination procedure consisted of: 

tap water and alconox wash 
distilled water rinse 
acetone rinse (using ACS grade acetone) 
methanol rinse (using ACS grade methanol) 
distUled water rinse 
air dry 

As further precaution, field team members wore gloves. 

Samples were placed in sample containers provided by the laboratory. Individual 
containers were labeled and placed in insulated shipping containers with frozen artificial 
ice packs. Shipping containers were sent daily by air courier to the laboratory. 

The samples were Usted on the Sample Tracking Report. A chain-of-custody form was 
fiUed out one copy retained by the field team and two forwarded with the samples to 
the laboratory. Field documentation, including chain-of-custody, sample tracking reports, 
courier receipts and sample shipment air bills was done according to the project data 
management plan, 

2.4.5 SURnCL\L DUST SAMPLING 

A total of 22 surficial dust samples was collected. The location of these sampling points 
is shown on Figure 2-5. Individual locations are designated by the prefix "NEA" The 
surficial dust sampling locations were selected by placing a triangular grid over the entire 
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site and using a random number generator to select positions on the grid. AU sampling 
.locations selected.randomly were sampled if there was any dust to be sampled. Some 
locations had to be shifted somewhat to accomodate where the dust was. 

Samples were obtained using a "Hi-Vol" sampling system specificaUy configured for this 
task by NEA Inc., 10950 S.W. 5th Street Beaverton, Oregon 97005. The device 
consists of a motor driven air pump, a filter mounting device, a filter and an orifice. As 
air is drawn through the orifice, fine-grained particles carried along by the air flow are 

-trapped on the-filter. - A diagram of the technique is shown in Figure -2-6.—33iis-
technique allows for colleaion of enough sample volume for inorganic contaminant 
analysis by size fraction to be used in air quaUty dispersion modeling of fugitive dusts. 

At each sampling site, 10 sq ft of surface area was vacuumed by this device. The 
objective was to obtain a representative sample of the surface dust present. Five sections 
located in a 10- to 20-ft radius around the sample point were sampled. Each section 
was 2 sq ft. The five samples taken radially were obtained on the same filter, which 
resulted in a single composited sample for each site. 

All samples were obtained using procedures and protocols provided by NEA These 
standard operating procedures are contained in Appendix A - Road Dust-Sampling.-
Samples were analyzed at the NEA Laboratory for 34 elements by X-ray fluorescent 
(XRF), The elements analyzed by XRF were: 

Aluminum 
Silicon 
Phosphoms 
Sulftir 
Chlorine 
Potassium 
Calcium 
Titanium 
Vanadium 
Chromium 
Manganese 
Iron 
Nickel 
Copper 
Zinc 
GalUum 
Arsenic 

Selenium 
Bromine 
Rubidium 
Strontium 
Yttrium 
Zirconium 
Molybdenum 
Palladium 
Silver 
Cadmium 
Indium 
Tin 
Antimony 
Barium 
Lanthanum 
Mercury 
Lead 

Area descriptions, station identification, date, time, and other pertinent information were 
logged according to the Projea Data Management Plan. 
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Filter and dust samples obtained by this method were contained in appropriately-sized 
ziplock bags and then placed in 7-by-10-inch manila envelopes. Manila envelopes were, 
in mm, shipped to the NEA laboratory for analysis on a daily basis. 

2.5 GEOLOGICAL INVESTIGATIONS 

The objective of the geologic investigation was to characterize the namre and distribution 
of subsurface soUs beneath the site. This geologic assessment forms the physical 
framework to assess potential subsurface soil and groundwater contaminant migration 
pathways and receptors. 

Site geology and stratigraphy were evaluated by conducting site reconnaissance of surface 
geology, review of previous borings, and driUing exploratory boreholes to evaluate 
subsurface conditions. Borings at 13 locations, designated MW-1 through MW-13, were 
completed for Phase I in September and October 1987. Borings at 24 locations, 
designated B-14 through B-37, were completed for Phase 2 in August and September 
1988. At some locations multiple borings were required; they were designated MW-2A 
MW-2B, and so forth. The locations of these explorations are shown on Figure 2-7. 

Detailed descriptions of the exploration and soil sampling methods are given in Appendix 
B - Field Methods for Geology and Groundwater Investigations. Appendix B also 
includes boring logs for each of the borings. The logs of previous borings reviewed are 
included for reference in Appendix C - Existing Boring Information. 

Selected soU samples were taken to the laboratory for grain size and hydraulic 
conductivity testing. Detailed descriptions of the test methods and the results are given 
in Appendix D - Laboratory Testing Program for Subsurface Soils. 

2.6 GROUNDWATER INVESTIGATIONS 

The objeaives of the groundwater investigation was to describe the groundwater flow 
characteristics and groundwater quality beneath the site. The groundwater flow and 
quality characteristics form the basis for assessing potential contaminant migration, 
identifying potential receptors, and for estimating contaminant loadings to the receptors. 

Observation and monitoring wells were installed in all borings except for B-IA B-2C, B-
2C2, B-3A MW-5, B-7, B-10, B-15, B-23, B-24, and B-25. Detailed descriptions of the 
installation methods, well development groundwater sampling, and groundwater level 
measurements are given in Appendix B - Field Methods for Geology and Groundwater 
Investigations. The boring logs in Appendix B also show the depth of each well screen 
and the details of the well installation. The results of the groundwater level 
measurements are also presented in Appendbc B. 

The horizontal hydraulic conductivity of subsurface soil was determined with in-situ 
hydrauUc conductivity tests (slug tests) on selected wells. Detailed descriptions of the 
method used and the results are presented in Appendix B. 
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2.7 MARINE SEDIMENT INVESTIGATIONS 

The remedial investigation of the aquatic environment near the Asarco Tacoma Smelter 
was designed to investigate the following: (1) distribution of any surficial sediment 
contamination; (2) depth of sediment containination; and (3) biological impacts of 
sediment contamination. 

2.7.1 SURFICLU. SEDIMENT 

Surficial sediments are defined as the top 2 cm of sediment on the sea bottom. The 
objectives of the surficial marine sediment investigation were the following: 

• to determine the areal distribution of any surficial sediment contamination 

• to provide a map of contaminated areas (isopleths) and contamination gradients 
near the smelter 

• to select benthic and bioassay sampling stations in areas not significantly 
contaminated, significantly contaminated, and severely contaminated by toxicants. 

In October and November 1987, 96 stations were sampled for surficial sediment 
chemistry. In July 1988, seven additional stations were sampled and 19 of the original 
stations were revisited. Station locations are shown in Figures 2-8 and 2-9. Previous 
studies have identified an area where contaminants have been found that may have 
originated on the Asarco site. This area extends from the shoreline to a depth of 
approximately 200 ft mean lower low water (MLLW), and from north of the Tacoma 
Yacht Club to well south of the smelter. The distance between sampling stations is 
smallest near the copper and ore docks, the area with the highest probabiUty of 
contamination, and greatest at the north and south ends of the study area. This 
distribution is based on the data from the Commencement Bay Nearshore Tideflats 
Remedial Investigation (Tetra Tech 1985). 

2.7.1.1 Sample Collection 

Positioning of the sampUng vessel used a land-based electronic distance measuring 
(EDM) system. The accuracy of this system is 1.5 to 3.0 cm, which is much more 
accurate than a vessel can hold steady on station. The Puget Sound Protocols (Tetra 
Tech 1986) have recommended an accuracy of ±2m for surficial sediment sampUng. A 
prism reflecting board was fixed to the sampling vessel for operation of the EDM system. 
Position calculations were compensated for the offset distance from the reflecting board 
to the sampler wire in order to place the wire at the station location rather than the 
reflecting board. The sampling vessel was held into the curtent during strong tides while 
the sampler was being deployed. Station location readings were also given to the 
helmsman as the sampler was being deployed as an additional effort to stay on station. 
In June and July of 1988 the additional surficial sediment samples were taken using a 
Motorola Mini Ranger positioning system calibrated by EDM, which was accurate to 
within 1 m. These highly accurate station location techniques aUow for more closely 
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spaced stations and, therefore, better detection of contamination trends or gradients and 
repeatabUity for future sampling if needed. 

CoUection procedures followed the Puget Sound Protocols (Tetra Tech 1986). Surficial 
sediment samples were coUected using a modified O.lm^ van Veen grab and in 1988 a 
modified O.lm^ double van Veen grab. The grab was lowered and raised at a controlled 
speed of approximately 1 ft/sec. After the sampler was lowered, raised, and secured on 
deck, the sediment sample was inspected carefiiUy before being accepted. The following 
acceptability criteria were used: 

the sampler is not over-fiUed with sample so that the sediment surface is pressed 
against the top of the sampler 

overlying water is present (indicates minimal leakage) 

the overlying water is not excessively mrbid (indicates minimal sample disturbance) 

the sediment surface is relatively flat (indicates minimal dismrbance or winnowing) 

the desired penetration depth is achieved (that is, 4-5 cm for a 2-cm deep surficial 
sample). 

Any sample not meeting these criteria was rejected. After a sample was judged 
acceptable, sediment characteristics were recorded using a 5-character sediment type code 
(Table 2-2). Station location, water depth, grab penetration depth, and other general 
observations were also recorded on field data sheets. Sample numbers assigned to each 
sample included a code system identifying the type of sample collected and the location 
sampled. 

Before sampling surface sediment overlying water was removed from the grab by slowly 
syphoning the water off near one side of the sampler. Minimal sediment surface 
dismrbance is desired before taking a sample. Once the overlying water was removed, 
the top 2 cm of sediment was sampled using a stainless steel spoon. Extreme caution 
was taken to avoid contamination of the surface layer from contact with the sides of the 
sampler and other sampling equipment Sediment was placed in a large stainless steel 
mixing bowl which had been washed with acetone then rinsed in deionized water. Then, 
the sediments were homogenized before placement into appropriate sample jars. 
Organics and grain size samples were placed in glass jars, while metals, radium, and 
EPTox samples went into plastic jars. All jars carried appropriate exterior labels and 
were placed on ice (4°C) in coolers. 

Because it was impossible to sample the very hard substrate of transects TO, Tl, and T2 
with the grab sampler, SCUBA divers were used to obtain samples at Stations TO-2, TO-
3, Tl-1, and T2-1. Because the acmal TO-3 was located too deep for divers to sample, 
the site sampled was about 100 m shoreward along the transect (water depth 
approximately 60 ft). The divers collected the top 2 cm of sediment with a shallow 
stainless steel spoon and placed it in a stainless steel bowl underwater, covered the bowl 
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Table 2-2. Sediment characteristic codes. 

Station: Number Specific for this Project 

Sequence No: Specific for this Project 

Depth: Depth of Sediment in Center of Grab or in Core 

Sample Type: B-Biological, C-Chemical, M-Metals, V-VolatUe, G-Grain Size 

Sediment Type (Principal/Secondary): 

6 = Clay 

5 = SUt 

4 = Sand 

3 = Gravel 

2 = Cobble 

1 = Boulder 

Sample Debris: 

7 = Wood Chips 

C = Coarse Sand 

F = Fine Sand 

M = Medium 

Sediment Color: 

B = Black 

BWN = Brown 

GY = Grey 

G = Green 

DO = Drab OUve 

Sediment Odor: 

1 = HjS SmeU 

2 = Petroleum SmeU 

3 = No Smell 

A = Slight Odor 

B = Moderate Odor 

C = Strong Odor 

D = Overwhelming Odor 

Use a slash between color and odor codes to indicate differences between layers in the 
sediment 
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so that the cover did not touch the sediments, and remraed the bowl to the boat. 
These sediments were processed exactly as those taken from the grab sampler, including 
washing the bowl and spoon with acetone and deionized water between samples.Surficial 
sediment samples coUected for organic, metal, radium (1987), and EPTox (1988) analyses 
were transported from the field to the Asarco Tacoma Smelter main office. Chain-of-
custody forms were prepared Usting every sample being transported and the type of 
analyses that the samples were to undergo. Samples were then packaged in coolers 
with cold packs and shipped daUy to the Asarco Salt Lake City, Utah laboratory. No 
samples were sent on Fridays, because weekend delivery could not be guaranteed. 
Copies of the chain-of-custody records accompanied the shipped samples to be signed 
and retumed to Parametrix with analyses results. 

Grain size analysis followed the protocol outUned in pages 30-41 of Methods for the 
Smdy of Marine Benthos, Intemational Biological Programme Handbook No. 16 (Holme 
and Mclntyre 1971). This method has been accepted by the Washington Department of 
Ecology for analysis of grain size samples collected in Puget Sound. Silt and clay 
fractions are separated using pipette analysis. Coarse material is broken down into a 
gravel fraction (>2 mm) and five sand fractions (1 mm, 0.5 mm, 0.25 mm, 0.125 mm, 
0.063 mm). Quality control was conducted on every sample. Each sample must show 
a recovery of 95 to 101 percent of original material to pass the QC test. Samples that 
failed the QC test were re-analyzed until a passing recoveiy was obtained. 

Sediment samples were analyzed for the metals arsenic (As), copper (Cu), lead (Pb), and 
zinc (Zn) by the Asarco laboratory and for the organics LPAH, HPAH and dibenzofuran 
by an Asarco subcontractor laboratory for the original 96 samples in 1987. In addition, 
10 of the 96 samples were analyzed for radium. In the 1988 samples for metals, mercury 
(Hg) was also included along with an EPTox analysis, and the organics analyses 
(Lancaster Labs 1988) included Pesticide/PCB analysis and TOC. Analytical protocol 
and QA/QC procedures used in these analysis is described in Volume 3 - Data 
Validation Report. 

2.7.1.2 Slag Particle Separation Analysis 

An experiment was conducted on four marine sediment samples (T4-1, T4-2, T14-2 and 
T15-2 - Figure 2-8) to determine what the chemical concentrations were for various 
particle types present in the sample. The purpose of the experiment was to try and 
separate the slag particles from the native sediment and analyze the two types separately 
for chemical concentration. 

Grab samples were collected using a van Veen grab following those methods described 
previously. Multiple samples were required from each station because a large volume 
was necessary to test the various sediment types for the chemical analyses. Grab samples 
were homogenized in a stainless steel bowl and transferted to glass jars for shipment to 
the laboratory. Three jars per station were fiUed. One of the jars was sent directly to 
the analytical lab (Asarco Salt Lake City) for chemisty testing, and the other two were 
shipped to Parametix' lab for particle type separation. 

2-14 



Particle type separation required drying and sieving the sample. Due to the concem over 
how sample handling (drying and sieving) may affect its chemical characteristics, a sample 
was dried, fractioned, and recombined to serve as a control. The recombihed "sample"" 
involved taking the contents of one jar, drying it passing it through a series of five sieves 
(2.0, 1.0, 0.5, 0.25, and 0.063 mm), recombining it and then placing it back into the jar 
for shipment to the Asarco lab. 

The second jar retumed to the Parametrix lab was used for particle type separation. 
The contents of the jar were dried and passed through the same 5-sieve series mentioned 
above. All sieves were decontaminated between sample processing. 

The purpose of sieving the sample was to provide a "first-cut" at slag particle separatioiL 
The slag particles tended to be larger and were more easily removed if the sample was 
first sieved into different size fractions. 

Although slag was the most dominant type in the large size fractions (material retained 
on the 2.0 and 1.0 mm sieves), slag and native sediment were present in all size 
fractions. And it was not practical to remove the slag particles from the smaller size 
fractions. They appeared as small black slivers and were distinguishable from the brown-
gray color of the native material, but were too small to be easily removed. Therefore, 
slag particle separation did not actually occur for all the size fractions. For the large 
fractions (2.0 and 1,0 mm), the small amount of native sediment was removed. This 
native sediment was easily distinguishable, in very small quantities, and in particle sizes 
large enough to easily handle. 

In actuality, samples were separated by size fraction not particle type. Three size 
categories were created for each sample, a large, medium and small. The large category 
tended to be predominantly slag, the medium category a mixmre of about equal parts 
native material and slag, and the small category predominantiy native material with very 
little slag. The sieve sizes that made up these categories were these: large (2.0 and 1.0 
mm), medium (0.25 and 0.063 mm), and smaU (less than 0.063 mm). The material 
retained on the 0.5 mm sieve was not used for chemical testing. It varied from sample 
to sample as to whether it was mostly slag, mostly native, or about 50-50 and therefore 
did not fit weU into the categories established for slag particle separation. 

In summary, for each station sampled in the field, five samples were sent to the lab for 
chemistry analysis. The samples were analyzed for the following total metals: arsenic, 
copper, lead, zinc, and mercury. The five chemistry samples submitted from each station 
were categorized as follows: 

1) Field Sample: sent directly from the field 

2) Recombined Sample: dried, sieved, recombined, and sent 

3) Large Particle Size: dried, sieved, and material retained on 2.0 and 1.0 mm 
sieves sent after removal of most native sediment 
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4) Medivun Particle Size: dried, sieved, and material retained on 0.25 and 0.063 
mm sieves sent 

5) SmaU Particle Size: dried, sieved, and material passing through 0.063 mm 
sieve sent 

2.7.2 SEDIMENT CORES 

Marine sediment core sampling was designed to examine the vertical extent of sediment 
contamination. Core sampling stations were selected from those stations already sampled 
for surficial sediment chemistry. The selections were based on chemistry data from the 
surficial sediment samples and sediment cores collected for the Conunencement Bay 
Nearshore Tideflats Remedial Investigation (Tetra Tech 1985). 

Marine sediment core samples were collected with a barge-mounted drill rig in November 
and December 1988 and analyzed for metals and organic contaminants. The barge was 
positioned on sampling stations using a land-based electronic distance measuring (EDM) 
system and visual sight lines. Samples were collected with two types of modified Dames 
and Moore Type U Samplers and separated into decimeter depth increments. Each 
depth increment was examined and physical characteristics were described in the field 
notes. The upper 5 dm and the deepest core section from each station were shipped to 
laboratories and analyzed for arsenic, copper, lead, zinc, LPAH, HPAH, and microtox 
toxicity. The analytical protocol and QA/QC procedures for these analyses are provided 
in Volume 3. 

2.7.2.1 Station Positioning 

The barge-mounted driU rig used to collect core samples was positioned on sampling 
stations using buoys and visual site lines so that surveyors were not needed throughout 
the sampling effort. An anchor attached to a Une with a small torpedo buoy was 
dropped from a boat at each station. The stations were located with a shore-based 
EDM system having an achievable accuracy of 1.5 to 3.0 cm (Tetra Tech 1986). 
Deflection of the anchor by curtents as it descended through the water probably 
introduced some ertor in the buoy positioning. 

Visual site Unes were established at the time of buoy placement to ensure accurate barge 
positioning. Puget Sound Esmary Program (PSEP) Protocols (Tetra Tech 1986) state that 
optical positioning can be highly accurate within 0.5 km of shore and may be preferable 
along the waterfront of urban areas. Two easily distinguished fixed objects that were in 
alignment on shore were described in the field notebook. A second set of objects in 
alignment at approximately a right angle to the first sight line were also noted. This 
enabled us to remm to the station and place the driU rig at the intersection of the two 
visual axes. The combination of EDM and visual site line positioning allowed for core 
samples to be collected within the probable area sampled during surficial sediment 
sampling. The barge was repositioned offshore up to 40 ft at several stations to avoid 
slag cobbles and large rocks that the core sampler could not penetrate. 
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2.7.2.2 SampUng Equipment 

Marine sediment core samples were collected from a 20-by-34-ft barge equipped with a 
hollow-stem auger drill rig. The barge and driU rig were operated by Tom Campbell 
Company, Inc. The driU rig drove a hollow-stem auger with a 3.25-inch inside diameter. 
Core samplers were threaded onto sections of 2.5-inch solid steel rod driven by a 150-lb 
hammer having a 30-inch drop distance. The barge was also equipped with several large 
work tables used for extmding and processing samples and decontaminating equipment 

Two types of modified Dames and Moore Type U Samplers were employed to coUect 
sediment cores. SampUng began at station TlOA (Figure 2-10) with an 18-inch long 
stainless steel split-bartel sampler sent down the inside of the hoUow-stem auger. The 
head (top end) of the sampler contained one-way check valves that allowed water to 
escape through holes while sediment entered the shoe (bottorn end). A hinged steel flap 
or plastic spring-type core catcher fit into the shoe to ensure sample retention when the 
sampler was raised. Tenite butyrate formula 516 core liners manufactured by Eastman 
Kodak, Inc. were used inside the split barrel of the sampler. These liners were pre-cut 
into one-decimeter lengths with care taken to remove burrs and plastic shavings. 
Samples from Stations TlOA, T2-1, and the deeper samples at T7-2 (7-9lOB and 7-2-
1015) were collected using the 18-inch split-barrel sampler. 

A second type of sampler was used after experiencing difficulty penetrating the deep 
sediments and retaining the core at station TlO-1. The new sampler was 6 ft long and 
came apart into three 2-ft sections. The barrel was not split and its 2.5-inch inside 
diameter did not allow for the use of core liners. An 8-by-1-inch stainless steel spamla 
was used to remove samples from each end of the 2-ft sections. Then a mbber stopper 
wrapped in aluminum foil was driven through the barrels from top to bottom to extmde 
the remaining samples. The shoe used with this sampler had an outside bevel instead 
of an inside bevel to penetrate the sediment more easily. It also had a buUt-in core 
catcher of eight hinged retainer plates which was more successful at retaining cores than 
the other types of core catchers used. Samples from stations TlO-1, T13-2.5, T16-0, and 
the shallowest five decimeters from T7-2 were collected with the 6-ft sampler. 

2.7.2.3 Sampling Procedures 

Sampling procedures began when all four comers of the barge were firmly anchored and 
adjusted to position the driU rig on station. Thorough field notes were taken to 
document weather and wave conditions, water depth, dates and times, station positioning, 
workers present equipment used, and all sampling activities. 

Extreme caution was taken to avoid sample contamination at all times. The core 
sampler, core Uners, shoe, and core catcher were thoroughly decontaminated and 
assembled by Parametrix personnel before each coring attempt. The sampler parts were 
scmbbed with a bmsh in a hot water Alconox soap solution, rinsed with hot tap water, 
rinsed with de-ionized water, rinsed with 20% HNO3, rinsed with de-ionized water, rinsed 
with methanol, and finally rinsed three times with de-ionized water. This sequence of 
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decontamination was also foUowed when preparing stainless steel spamlas, spoons, and 
bowls for extmding and compositing samples. 

Samples were processed on the barge immediately after the core sampler was raised to 
the deck. Each core section was extmded into a separate stainless steel bowl and 
examined for physical characteristics. Sediment characteristic codes (Table 2-2) for grain 
size, color, odor, and debris were recorded on forms and in the field book. Each sample 
was thoroughly mixed resulting ui composite samples of uniform color and texture from 
10-cm depth increments. A minimum 125-niL aliquot of each sample was spooned into 
a wide-mouth plastic jar for metals and an equal quantity went mto a glass jar for 
organics. These sample volumes were doubled for the deepest increment of each core 
to allow for quality control analyses. Decontaminated sample jars were provided by the 
laboratories performing the analyses. All sample jars were labeled with the station 
number, depth increment date, time, analyses required and coUector's initials, and placed 
on ice at 4°C. 

2.7.2.4 Sample Handling 

Marine sediment core samples were transported from the field to the Parametrix office 
in BeUevue, Washington. Chain-of-custody forms were prepared listing every sample 
number and the types of analyses required. Samples were packed on ice and shipped 
by express mail to the Asarco laboratory in Salt Lake City, Utah. Chain-of-custody 
records accompanied the samples to the laboratories, were signed by laboratory 
personnel, and copies were remmed to Parametrix with analysis results. Microtox 
samples were delivered to the ECOVA laboratory in Redmond, Washington with the 
same custody protocol employed. 

2.7.3 BIOLOGICAL INVESTIGATIONS 

Studying the communities of marine invertebrate animals inhabiting sediments allows 
investigators to observe the relationship of these communities to their physical and 
chemical environment To this end, ten marine benthos stations were selected to provide 
adequate spatial coverage of the project area. These stations attempted to provide a 
sampling of sediments encompassing the range of physical and chemical characteristics 
present in the project area. Two reference stations to the southeast of the project area 
were also sampled for benthos to provide a background comparison to the project 
stations. 

All benthos sampling was conducted in July 1988 after the initial surficial chemistry and 
grain size results defined the heterogeneity in the project area. Station locations are 
provided in Figure 2-11. This figure also indicates the substrate type and metal 
pollutants found in the area. The reference stations T22-1 and T22-2 appear in Figure 
2-9. All stations were located to within 1 m by the methods described in section 2.7.1 
of this report. 
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All benthos samples were coUected with a O.lm^ modified double van Veen grab 
sampler. Samples were judged acceptable if they met Puget Sound Esmary Program 
(PSEP) protocol (Tetra Tech 1986). This protocol says that the surface of the sediments 
in the grab must be relatively even and undismrbed. There must be overlying water to 
demonstrate no leakage and Uttle dismrbance, and the depth of sediment at the center 
of the grab must be at least 10 cm. In many cases, meeting the PSEP standard of 10-
cm substrate penetration took a great many tries, and some of the stations in the original 
sampling plan had to be substimted with nearby stations where the grab would penetrate 
to a sufficient depth. After initial inspection, each O.lm^ grab was scooped and then 
rinsed into a clean bucket. Labels including station, date, depth, time, and repUcate 
were added to each bucket immediately. When five replicate samples had been 
obtained, the buckets were transferred to the sieving station. 

Samples were sieved at a site within view of the sampling station. The sieving station 
was either on a float on another boat or on the beach, depending upon where the 
samples were being taken. All samples were carefully screened with a 1-mm mesh sieve 
using gentle hose pressure to wash them while the sieve screen was submerged. The 
samples and their inside labels were then transferred to appropriate-size jars using a 
squeeze bottle and forceps to remove samples from screens. Jars were never fiUed more 
than half fuU to allow for proper fixation by the preservative. Samples were preserved 
with a solution of formalin (37% aqueous formaldehyde) diluted to ten percent with 
seawater and buffered with borax. Outside labels matching the inside labels were taped 
to the sides of each jar, and abbreviated labels were placed on jar Uds. 

Each day's samples were checked in at the Parametrix lab and cataloged. After at least 
24 hours, the samples were removed from the formalin fixative and rescreened on a sieve 
screen of less than 1-mm mesh size. The rescreened samples were then transferted to 
a 70-percent ethanol solution with 1-g/l rose bengal stain added to make animals more 
visible to the sorters. Because of the porous nature of the slag material retained on the 
screens, large particles had to be broken with a mortar and pestie to ensure collection 
and enumeration of aU organisms present within the pores. All intemal and external 
labels were kept with the samples. 

Samples were sorted at the Parametrix lab. For each sample, sediment volumes of 5 to 
10 niL were sorted at a time in a petri dish under a dissecting microscope. Water was 
added and the sediment spread evenly over the bottom of the petri dish. The petri dish 
was then passed back and forth through the microscope viewing field until the entire dish 
was scaimed. Organisms were removed during the scanning process and placed in vials 
labeled polychaeta, cmstacea, mollusca, and miscellaneous. The sediment was then 
stirred and scanned a second time to obtain any remaining organisms. Large particles 
of debris (wood, bark, or clay) were removed from the sample, examined, and any 
organisms removed before the debris was remmed to the original container. Organisms 
were preserved with fresh alcohol in the vials. An intemal, waterproof, paper label was 
placed in each vial on which was recorded the station number, replicate, and date of 
collection. All sorted sediments were retained in labeled containers. General counts of 
each type of organism was recorded during sorting for later use in quality control. 
Following sorting into major taxonomic groups, each group was wet weighed separately 

2-19 



to determine biomass. Each group was weighed to the nearest 0.1-mg on a Sartorius 
analytical balance, and the data was recorded on a standard form. 

Sorted taxonomic groups were sent to quaUfied taxonomists for identification to the 
lowest practical level. A chain-of-custody form accompanied each group of samples, and 
a copy of this form was retumed to Parametrix with the data and samples when the 
taxonomists had finished their identifications. 

A quaUty control (QC) check was conducted on each sample to ensure all of the 
organisms were sorted from the sample. This QC process began immediately following 
the initial sorting of the first few samples to prevent inadequate sorting of large numbers 
of samples. To perform the QC, a 20-percent aliquot of sediment was removed from 
each sorted sample after the sample was thoroughly mixed, and this aliquot was resorted. 
If the number of organisms recovered from this aliquot was more than one percent of 
the total number of organisms, the sample failed the QC test. All samples that failed 
the QC test were completely resorted by a different person. 

2.7.3.2 Bioassays 

Two types of bioassay tests were performed on surface sediments off the Asarco site: 
amphipod and oyster larvae tests. The station locations where sediment was sampled 
for bioassay testing are indicated on Figures 2-11 and 2-12. Samples were collected off 
the Asarco site and from reference areas located to the north and south of the site. 
Sediment samples were coUected using the same techniques described in Section 2.7.1, 
Surficial Sediment. 

All sediment samples collected for bioassay tests were analyzed for complimentary 
chemistry data. Sediments destined for each type of analysis (biological and chemical) 
were homogenized in a stainless steel bowl before apportioned into their respective 
containers. Bioassay samples were placed in glass jars and retained on ice to the 
Parametrix Laboratory where the bioassay tests were performed. 

Amphipod (Rheoxynius abronius) Bioassay 

The procedures used in the amphipod bioassay are those of Swartz, et al. (1985) 
including modifications specified by Tetra Tech (1986). Sediment samples were 
homogenized and placed in five replicate 1-L beakers to a depth of 3 cm. Filtered, UV-
sterilized seawater from the amphipod collection site was added to the test beakers with 
sorters taking care not to dismrb the sediments. Twenty amphipods, field collected 4 to 
6 days earUer, were carefully placed into each beaker. The beakers were covered with 
black plastic to maintain a dark environment for the amphipods. The beakers were 
maintained at 14 ± 0.5° C in a water bath. Daily observations were made over a 10-
day period. Sorters noted the number of individuals on the water surface, in the water 
column, and on the sediment After 10 days, the test was terminated and all amphipods 
were sieved out of the sediments in each beaker and counted as either dead or alive. 
The animals were determined dead if no movements were observed following prodding 
with a glass rod. 
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Water chemistry was monitored daily using separate "chemistry" beakers to avoid cross-
contamination by instmmentation probes. These beakers were monitored for salinity, 
temperamre, dissolved oxygen, and pH. 

A positive control consisting of a three replicates utilizing a reference toxicant (CdClj) 
concentration of 1.68 mg/L was done to determine the 96-hr LC5Q value for the test 
animals used. A negative, or clean sediment control was employed. The control 
consisted of fine sand from the amphipod collection site. 

Oyster (Crassostrea gigas) Larvae Bioassay 

The procedures used in the oyster larvae bioassay were those described by ASTM (1985) 
including modifications specified by Tetra Tech (1986). In brief, sediment samples were 
homogenized and 20 g were placed in 5 replicate 1-L glass jars. One L of clean, 
filtered, UV-sterilized seawater was added to each jar. The jar was sealed, inverted five 
times, and allowed to settie at least one hour prior to inoculation. 

Water chemistry parameters were monitored at the begirming and end of the 48-hr test 
from separate "chemistry" jars to avoid cross-contamination by instmmentation probes. 
The parameters measured were salinity, dissolved oxygen, pH, and temperamre. 

Broodstock oysters were obtained from Coast Oyster Co., Quilcene, Washington and 
spawned by hot and cold shocking. About one hour after fertilization the embryo stock 
solution density was determined. Embryo density was adjusted so that a 10-mL 
inoculation would deliver an estimated 20,000 to 30,000 embryos to each treatment jar. 
After inoculation, very gentle aeration was applied, as prior experience had indicated 
that dissolved oxygen levels would drop below acceptable levels without aeration. 

One set of negative (clean) and one set of positive (toxic) controls were employed. 
The seawater negative control consisted of UV-filtered namral seawater collected in 
Puget Sound. Two sets of reference sediments from transects adjacent to but distant 
from the Asarco site were also tested. A positive control consisting of a series of tests 
using a progression of five reference toxicant (CdClg) concentrations ranging from 0.0002 
to 0.002 g/L was performed to determine the 96-hr LC5Q value for the test animals 
used. 

Oyster larvae were incubated for 48 hours at 20°C. Under normal conditions, by this 
time they would be expected to metamorphose into the prodissoconch I or "straight 
hinge" stage. Water was carefully poured out of the test jar into a clean beaker leaving 
only the sediments behind. The supematant seawater was thoroughly mixed and a lO-mL 
aUquot taken. This aliquot was preserved in 5 percent buffered formalin. Control counts 
were made during the initial inoculations, and these counts were used to predict the 
survival in each treatment vessel. Percentage survival was calculated as a proportion of 
this expected value. 
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Larval counts were made in settling columns at lOOx using an Olympus CK2 inverted 
microscope. Larvae were considered abnormal if they were malformed or had not 
developed to the prodissoconch I stage. 
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3.0 PHYSICAL CHARACTERISTICS 
OF THE STUDY AREA 

3.1 SURFACE FEATURES 

An aerial photograph generated site topography map was created to describe the existing 
site features and contour elevations. Figure 3-1 depicts the existing site topography. 

3.2 AIR QUALITY 

No field studies were conducted to determine physical features that may affect air 
quality. For the modeling efforts described in Section 2.2, existing data were used. 
Some new data were collected that addressed the relationship between chemical 
contamination and particle size distribution. The results of this work and the 
interpretation of these data are presented in Section 4.1. 

33 SURFACE WATER HYDROLOGY 

3.3.1 RAINFALL 

Hourly rainfall data is presented in Figure 3-2. Data for Event 1 is from a continuous 
recording at the City of Tacoma's 26th and Pearl gauge. Data for Event 2 is from a 
continuous recording at the City of Tacoma's central treatment plant gauge. Data for 
Event 3 is from hourly recordings at Asarco's gauge. 

Approximately 0.15 inches of rainfall accumulated during each sampling period. Rainfall 
intensity was moderate to low, which is typical for the Puget Sound area. The maximum 
intensity was 0.08 inches per hour (Event 1). 

The sample period for Event 1 began after about 0.17 inches of rainfall had accumulated 
in six hours. The sample period for Event 2 began at the onset of rain. The sample 
period for Event 3 began after it had rained 0.07 inches in two hours. It had not rained 
for four days before Event 1, while it rained the day before Events 2 and 3. 

3.3.2 MIDDLE OUTFALL 

Stations in the middle outfall catchment area include SW-2, SW-3, SW-4, SW-5, and SW-
10 (Figure 2-4). Water enters the Asarco site at SW-2 where it is routed along an 
aqueduct around the cooling pond. Water from outside the Asarco site mixes with some 
water from the stack area and enters the cooling pond aqueduct at SW-3. These 
combined waters leave the cooling pond area at SW-4 and enter the subsurface drainage 
system in route to the middle outfall (SW-10). SW-5 collects street runoff (near Asarco's 
entrance gate) and flows to the middle outfall. 

Hydrographs of the middle outfall stations are presented for each event in Figure 3-3. 
Because of the short distances between stations, flows respond quickly to rainfall 
intensity, and there is not much of a lag time between stations. 
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During peak flow, about 50 percent of the outfall flow is at SW-2 and 75 percent of the 
outfall flow is at SW-4. Thus, about 25 percent of the outfall peak flow is drainage from 
other areas between SW-4 and SW-10. During base flow, SW-4 has a flow similar to the 
middle outfall (SW-10), This suggests that not much water is exchanged between the 
groundwater and surface water through the Asarco site upgradient of the middle outfall. 
If a large amount of groundwater was seeping into the drainage system, then there would 
be a greater difference in base flow at SW-4 and SW-10. If a large amount of surface 
water was seeping out of the drainage system, then there likewise would be less 
difference in peak flow at SW-4 and SW-10. 

Flows at the middle outfall are somewhat affected by tides. The high tide level during 
the last two hours of Event 2 had backed-up water at SW-10. Water was still flowing 
at SW-10; however, and conductivity measurements verified the slow flowing water was 
not marine water. 

3.3.3 SOUTH OUTFALL 

Stations in the south outfall catchment area include SW-1, SW-13, SW-12, and SW-11 
(Figure 2-4). Station SW-1 is located at the head of the catchment area. Water flows 
along an open channel from SW-1 to SW-13. Groundwater seeps (SP-1 through SP-5) 
flow into this channel. Water then flows in drainage pipes from SW-13 to SW-12 and 
on to the south outfall (SW-11). 

Flows at the south outfall are strongly dependent on tides. Water backs up the drainage 
pipe between SW-12 and SW-13 at high tide. When the tide begins to go out (ebb tide), 
high flows occur at the outfall. This tidal effect was observed during the first hour of 
Events 1 and 3, which were monitored during an ebb tide (Figures 3-2 and 3-4). 
Conversely, when the tide comes in (flood tide) and approaches high tide, no flow occurs 
at the outfall. This effect was observed during the last two hours of Event 2, which was 
monitored during a flood tide (Figures 3-2 and 3-4). Conductivity measurements 
identified marine water in the last hourly sample of Event 2. 

Because of tidal influence, flows in the south outfall catchment area are best compared 
at low tide. Low tide occurred at the end of Events 1 and 3, and at the beginning of 
Event 2. At this time, flow at the outfall is substantially less than flow at SW-12. This 
suggests a large quantity of water is lost from the drainage system from SW-12 to the 
outfall (SW-11) and enters the groundwater system. Groundwater investigations support 
this conclusion (see analysis of groundwater level and precipitation in Section 3.6.3.5). 

3.3.4 NORTH OUTFALL 

The only station in the north outfall catchment area is the outfall itself (SW-9). Water 
from stations SW-6, SW-7, and SW-8 flows to a City of Tacoma outfall located north of 
the north outfall (Figure 2-4). Water at SW-6 comes from the parking lot east of 
Bennet Street. Water at SW-7 comes from the area around Asarco's No. 1 Refinery. 
Water at SW-8 drains a small area along Asarco's northern property line. 
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Flows at the north outfall are somewhat affected by tides. Tidal influence is less at the 
north outfall than the middle outfall. However, the high tide level during the last two 
hours of Event 2 had backed-up water at SW-9. Conductivity measurements verified 
that this backed-up water was not marine water. 

3.4 SURFACE SOIL 

Most of the Asarco Tacoma smelter project site is paved. The eastem portion of the 
site bordering Commencement Bay is almost completely covered with asphalt or concrete. 
Very little actual surface soil is exposed. Based on surface soil sampling results, the 
exposed soil on the project site can be divided into roughly four areas: the plant 
administrative area, the cooling pond area, the site stabilization area and off-site area 
(see Figure 2-5). 

3.4.1 PLANT ADMINISTRATIVE AREA 

Much of the surface soil in the plant administrative area has a layer of slag particles on 
top of it, ranging from one to three inches thick. Some areas have a "crust" of organic 
matter such as humus and plant material. The soil itself appeared to be sandy fill 
material mixed with gravel, slag, cobbles, and, in some areas, crushed brick. 

3.4.2 COOLING POND AREA 

In contrast to the soils in the administrative area, the soils around the cooling pond were 
finer. Many sampling locations had silty or clayey soil composition. When samples SS-
58, 59 and 60 were collected, a hard clay layer was encountered at 8 to 10 inches depth. 
However, some of the soil samples appeared to be the more common sand mixed with 
clay. 

3.4.3 SITE STABILIZATION AREA 

Much of this area, like the administrative area, was covered by one to two inches of slag. 
In general, soils were sand mixed with gravel or sandy clay mixed with cobbles. Very 
commonly samples collected contained demolition debris consisting of concrete rubble, 
wood debris, slag chips and broken pieces of brick. Some of the area was covered by 
organic matter such as ferns and humus. 

It was determined that soils from this area exhibited a "limited reservoir of erodibility" 
because most of the soils had a crust > 0.6 cm thick, and it was not easily crumbled 
(Cowherd 1985). Dust samples were collected for particle size distribution analysis. 
However, there was not enough dust present after site stabilization activities to conduct 
this analysis at individual sampling stations. 
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3.4.4 OFF-SITE AREA 

The off-site area is comprised of three areas or vacant lots, mostly covered with 
vegetation such as plants, trees and grasses. Surface soils sampled in these areas were 
mostly sandy loam and gravel. The two larger off-site areas that were sampled were 
secured by a locked fence. The smaller lot was unsecured and between two residences. 

3.5 SUBSURFACE SOIL 

3.5.1 INTRODUCTION 

The current understanding of the subsurface distribution of geologic units was developed 
from subsurface explorations completed during Phase I and Phase II drilling and sampling 
plus previous explorations as shown on Figure 3-6. Figure 3-7 shows the stratigraphic 
column for site geologic units. Figure 3-8 shows the surface distribution of geologic 
units. Geologic cross sections are shown on Figures 3-9 to 3-16. Figure 3-17 shows a 
contour map of the fill thickness (isopach map). In the following discussions only Phase 
I and II borings are referenced unless otherwise noted. 

3.5.1.1 Location of Supporting Information 

Appendix B contains details of the field data exploration program. This information 
includes details of borehole drilling, sub-surface soil sampling, well construction, 
groundwater sampling, hydraulic conductivity testing and water level measurements. 
Boring logs and well construction diagrams are also found in Appendix B. Appendix 
C contains boring logs for wells drilled before this investigation and used to develop 
geologic cross sections. Appendbc D contains details of the laboratory testing program 
for subsurface soils. 

3.5.1.2 Elevation Datum 

Elevations presented in this report are based on the City of Tacoma (COT) datum which 
is about 14.0 ft below mean sea level (National Geodetic Vertical Datum [NGVD] of 
1929). Mean lower low water (MLLW) level is located 6.32 ft below mean sea level. 
Therefore, a correction of +7.68 ft was added to MLLW (tide chart data) to obtain 
water levels with respect to the COT datum. 

3.5.2 SUMMARY OF SUBSURFACE SOIL CHARACTERISTICS 
AND DISTRIBUTION 

The Asarco site can be divided into three general geographic areas with geologic deposits 
of differing depositional environments, lithologies and water-bearing characteristics. This 
section and the following section (3.6 Groundwater) discuss the site's subsurface soil and 
hydrogeologic characteristics in the context of these areas. These geographic areas are 
shown on Figure 3-6 and are referred to as the Plant, Parking Lot and Stack areas. 
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The soils encountered on the site have been divided into sue assemblages of stratigraphic 
units for discussion purposes. These assemblages have been further divided into site 
geologic and hydrogeologic units as shown on Figure 3-7. Geologic units are given 
names for discussion and reference purposes only. In Section 3.6, Groundwater, geologic 
units are grouped into units exhibiting similar hydraulic characteristics. These are termed 
"hydrogeologic units." The relationship between geologic and hydrogeologic units is 
illustrated on Figtire 3-7. Within each area, these units are described from youngest to 
oldest. 

3.5.2.1 Plant Area Subsurface Soils 

The Plant Area is the largest area within the Asarco site. Soils found in the Plant Area 
include manmade fill deposits, recent alluvial (stream or flood deposits) and beach 
deposits, Vashon Advance Silt, and Pre-Vashon sand and silt. 

Fill Deposits 

Fill deposits include granular, slag, and wood waste fills. These deposits reach their 
maximum thickness of 45 ft in the northeast portion of the site. Fill was used to reclaim 
the former tidelands at the base of the sea cliffs. Fills are found principally east of the 
original shoreline and adjacent to and above the Arsenic Kitchens area on the hill 
leading up to the Stack. 

Recent Deposits 

Recent deposits include alluvium and beach sands. The alluvium is composed of sands 
and silts deposited in the pre-fill gully underlying the cooling pond and the MW-12 and 
B-10 boring locations. Beach sand is found on the east side of the site and directly 
underlies the fill deposits. 

Vashon Advance Deposits 

Vashon Advance deposits consist of a thick sequence of hard silt with varying amounts 
of sand and clay. Its thickness ranges from about 25 ft in the north to over 55 ft in the 
southern portion of the plant area. This geologic unit is an effective aquitard within the 
Plant Area. 

Pre-Vashon Deposits 

Pre-Vashon deposits consist of a silty, gravelly sand. Only one boring penetrated this 
unit in the eastem portion of the Plant Area (B-14). This unit is water bearing. 

3.5.2.2 Parking Lot Area Subsurface Soils 

Soils in the Parking Lot Area consist of Vashon glacial, Pre-Vashon glacial, and non-
glacial deposits. 
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Vashon Deposits 

Vashon deposits are a result of the advance and retreat phase of the Vashon stage of 
the Fraser Glaciation (Armstrong 1965). These deposits include recessional sands and 
gravel, till and advance sand, and gravel. Vashon soils were deposited on the Pre-
Vashon erosional surface, which was highly irregular. These deposits are about 50 ft 
thick in the Parking Lot Area. Vashon deposits and the underlying pre-vashon deposits 
support seasonally saturated and perched water zones. 

Pre-Vashon Deposits 

Pre-Vashon soils are represented by a sequence of glacial and non-glacial deposits. Pre-
Vashon soils have been lumped into two groups: the Pre-Vashon Sand, Silt and Lignites 
and Pre-Vashon Gravel. The Pre-Vashon soils include glacial fill and outwash materials 
as well as non-glacial deposits consisting of silt and lignite. The combined thickness of 
this unit is 20 to 30 ft. The Pre-Vashon Gravel is found below the Pre-Vashon Sand, 
Silt and Lignite unit and consists of a very sandy gravel. Although the thickness of the 
Pre-Vashon Gravel was not defined in this investigafion, the Pre-Vashon gravel is likely 
cormected to the regional aquifer to the west and the Fill Aquifer to the east. 

3.5.2.3 Stack Area Subsurface Soils 

The Subsurface soils in the Stack Area consist of a thin veneer of Granular Fill underlain 
by a thick sequence of Vashon Advance Sand and Vashon Advance Silt. The sand layers 
were encountered directly beneath the Granular Fill and as thin interbeds within a thick 
sequence of silt with varying amounts of sand and clay. Vashon Advance Silt was 
continuously mapped from shallow depths on the Stack Hill, at elevation 155 to beneath 
the Plant area as low as elevation -65 ft. The sand interbeds are water bearing while 
the silt is a competent aquitard that restricts the downward movement of water. 

A detailed discussion of the geologic units found on-site follows. 

3.5.3 PLANT AREA GEOLOGIC UNITS 

Plant area geologic units include the following: 

• Granular Fill (Fg) 
• Wood Waste Fill (Fw) 
• Slag Fill (Fs) 
• Alluvium (Qal) 
• Recent Marine Sand (Qm) 
• Recent Marine Silt (Qms) 
• Vashon Advance Silt (Qvs) 
• Pre-Vashon Sand (Qus). 
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3.5.3.1 Fill Deposits 

Fills at the site include granular soil, wood waste materials, and slag. Granular soil fill 
is interbedded at sea level with beach lag gravels. Sawmills predating the smelter 
produced a deposit of wood waste up to 6 ft thick, which overlies beach gravel. Slag, 
ranging from less than 1 to 43 ft thick, overlies granular soil, wood waste, and beach 
gravel deposits. The eastern limit of fill is the present shoreline of Commencement Bay 
except where it is adjacent to and above the Arsenic Kitchens. 

Granular Fill (Fg) 

Granular Fill is typically loose-to-medium dense, gravelly sand probably excavated from 
the hillsides of the site, at least in part from the parking lot area of the northwestem 
portion of the site. The thickness of Granular Fill is quite variable across the site and 
often includes bricks and some wood. Figure 3-17 shows an isopach map (fill thickness 
contour map) of the fill on site. Isopachs in the upland area west of the original 
shoreline generally reflect the thickness of the Granular Fill materials. 

Wood Waste Fill (Fw) 

Wood waste is found in a layer (up to 6 ft) over beach gravels and below Slag Fill. 
This deposit was produced by sawmill operation in what is now the southern portion of 
the property near the SOj plant (locations B-1, B-15 and B-37). Wood Waste Fill is also 
found in the northem portion of the site as a thin lens in wells B-14 and B-35. Sections 
A and E (Figures 3-9 and 3-13) show the thickness of the Wood Waste Fill. This, 
material is a soft, wet, black bed of wood chips and sawdust that emits a strong sulfurous 
odor characteristic of decaying wood material. This deposit probably underlies several 
acres of the Slag Fill in the marine environment near the site. 

Slag Fill (Fs) 

Slag Fill is variable in texmral composition and is present generally within the eastern 
portion of the site as shown on the surface geologic map (Figure 3-8) and Sections A 
through H (Figures 3-9 through 3-16). Slag is present from below sea level to 26 ft in 
elevafion. These deposits form a dense, gray-black vesicular mass that is fractured to 
massive in texture. At the surface, slag is often massive; at elevations from sea level to 
20 ft (average high tide level) slag typically exhibits a hackly fracturing pattern that 
causes a high permeability. Slag Fill includes a variety of other materials including scrap 
steel, logs, and lumber. Black, viscous oil was encountered in borings B-3A, B-33 and 
B-36 in the Slag Fill at a depths of 11 to 33 ft below the ground surface (about 
elevation 16 to -6 ft). The Slag Fill is a seaward thickening, wedge-shaped deposit 
ranging from less than 1 up to 43 ft thick. 
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3.5.3.2 Plant Area Recent Deposits 

Recent deposits within the Plant Area include native alluvium, beach gravel and sand, 
and marine silts. Native deposits typically contain some natiu"ally occurring organic 
material: shells in marine deposits; and plant materials, wood, or roots in alluvial 
deposits. Recent deposits occur in the gully that contains the cooling pond and beneath 
the Slag Fill. 

Alluvium (Qal) 

Alluvium includes three general types of fluvial deposits: (1) soft-to-medium-stiff, gray, 
slightly gravelly to non-gravelly clayey silt; (2) stiff-to-very-stiff green silt with many roots 
and woody materials; or (3) very dense, slightly silty, very gravelly sand. Alluvium occurs 
near the original shoreline (MW-6) and in the pre-fill gully underlying MW-12, B-10, 
and the cooling pond (B-25) Section C (Figure 3-11). 

Recent Marine Sand (Qm) 

Recent Marine Sand is medium-dense, gray-to-light gray, silty, sand with varying amounts 
of gravel with abundant shell fragments and occasional wood fragments. This material 
underlies the Slag Fill at the site. It has a wedge-shaped geometry thickening shoreward 
and varies in thickness from 1 ft (Boring B-6, Hart Crowser 1975a) to 15 ft (Boring B-
15). This material probably represents original shoreline beach deposits and was 
penetrated by wells B-2A, MW-6, MW-8, MW-9, B-14, B-16 and B-35. Sections A 
through H with the exception of Section C (Figures 3-9 through 3-16, except Figure 3-11) 
show the distribution and thickness of this unit. 

Recent Marine Silt (Qms) 

The Recent Marine Silt is a greenish gray, sandy silt with shell fragments. The 
distribution of this unit is shown on Secfions B, F, and G (Figures 3-10, 3-14, and 3-15). 
This unit appears to be present only in the east central portion of the plant area and is 
not present in B-14 to the north and B-15 to the south. 

The Recent Marine Silt is generally less than 10 ft thick and is present from about 
elevation -20 to -30 ft (MW-2C2). This unit grades both laterally toward the west toward 
B-4 (Hart Crowser 1975b) to a medium stiff gray to brown clayey silt. This material 
underlies the Recent Marine Sand and directly overlies the Vashon Advance Silt unit. 

Vashon Advance Silt (Qvs) 

The Vashon Advance Silt consists of a thick sequence of mostly stiff to hard gray, evenly 
laminated silt with varying amounts of fine sand and clay. It appears that this unit 
correlates to the silt units found in borings close to the Arsenic Kitchens (B-7, B-10, 
B-23 and B-24) and on the Stack Hill in borings B-17, B-18 and B-19. The stratigraphic 
relation between these borings are illustrated in Secfions A and B (Figures 3-9 and 
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3-10). This unit can be mapped on-site from elevation of about 140 ft (B-18) to at 
least-65 ft (B-15) and most likely rests on the Pre-Vashon topographic surface. 

Pre-Vashon Sand (Qus) 

The Pre-Vashon Sand consists of a very dense, very-silty-to-silty, gravelly to very gravelly 
sand. This unit is found in borings B-14, B-2C2 and B-4 (Hart Crowser 1975b). This 
unit is water bearing and is monitored by one well, B-14. This unit is about 10 ft thick 
in well B-14. The lateral extent of this unit is unknown but appears to correlate with 
the Pre-Vashon deposits in the Parking Lot Area. It is idenfified as being Pre-Vashon 
age by the presence of organic fragments. 

3.5.4 GEOLOGIC UNITS OF THE PARKING LOT AREA 

The interpretadons of the strafigraphic relafionships for Parking Lot area are shown in 
the geologic cross-secfions C and D shown on Figures 3-11 and 3-12. 

The stratigraphic units of the Parking Lot Area include the following: 

Glacial Units of the Vashon Drift (Qv) including: 

• Vashon Recessional (Qvr) 
• Vashon Till (Qvt) 

• Vashon Advance Sand (Qva). 

Pre-Vashon Drift Unit (Qu) including: 

• Pre-Vashon Sand, Silt and Peat (Qus) 
• Pre-Vashon Gravel (Qug), 

3.5.4.1 Vashon Drift 

Vashon Drift is represented by a sequence (youngest to oldest) consisting of Recessional 
Deposits, Till, and Advance Sand. Vashon Drift rests on the erosional surface of the 
Pre-Vashon sediments. Vashon Drift was deposited during the advance and retreat 
phases of the Vashon stage of Fraser Glaciation (Armstrong et al. 1965). 

Vashon Recessional Deposits (Qvr) 

Vashon Recessional Deposits are composed of medium-dense-to-dense, gravelly sand to 
sandy gravel. This unit rests on Vashon Till at elevations above 90 ft on-site in the 
western most portion of the Parking Lot Area (Well B-29), as shown in Section C 
(Figure 3-11). 
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Vashon Till (Qvt) 

Vashon Till is a crudely stratified, very dense, gray-to-brown, silty, gravelly sand. This 
material is about 30 ft thick underlying the parking lot area and was encountered in 
wells B-27, B-29 and MW-13 as shown on Figure 3-8 and Sections C and D, (Figures 
3-11 and 3-13) at elevations from 50 to 90 ft. This unit represents the most recent till 
in the area, overlying an older glacial sequence (Pre-Vashon unit) which is exposed 
below the parking lot. 

Vashon Advance Sand (Qva) 

Vashon Advance Sand deposits include very dense, brown, slightly silty, gravelly sand 
which lies stratigraphically below Vashon Till (Qvt). They are approximately 5 to 7 ft 
thick, and are found at elevations ranging from 40 to 65 ft as shown on Sections C and 
D (Figures 3-11 and 3-13). 

The Vashon Advance Sand also lies directly below the Granular Fill material and is 
interbedded within the Vashon Advance Silt within the Stack Area (Figure 3-16). It is 
composed of medium dense, brown, silty, fine sand to dense, brown, clean, fine sand. 
The presence of the Vashon Advance deposits within the Stack Area compared to where 
it is found in the Parking Lot area is due to the topographic relief of the Pre-Vashon 
erosional surface in these areas. 

3.5.4.2 Pre-Vashon Unit (Qu) 

The Pre-Vashon Unit (Qu) is composed of Pre-Vashon glacial till and outwash material. 
Grouped within this unit are also non-glacial material including silt/lignite and gravel 
deposits. The Pre-Vashon unit, shown in Section C and D (Figures 3-11 and 3-12), is 
the most extensive unit in the Parking Lot Area. It is found at elevations from 60 ft 
(MW-13 and B-29) to 10 ft (B-27) and is also found beneath the Vashon Advance Silt 
within the Plant Area in borings B-14 and B-2C2 at elevation -30 ft. This difference 
in elevation is due to the topographic relief of the Pre-Vashon erosional surface. 

Pre-Vashon Sand, Silt, and Lignite (Qus) 

The Pre-Vashon Sand, Silt and Lignite consists of interbedded very dense, silty gravelly 
sand to gravelly to non-gravelly sand. These soils represent a Pre-Vashon Till and 
Outwash deposit. The combined thickness of the Pre-Vashon Sand, Silt, and Lignite is 
20 to 30 ft thick and is found at elevations of -5 to 55 ft in wells MW-4, MW-5, MW-
13, B-26, B-27, and B-29. 

In the lower portion of the Pre-Vashon Sand, Silt and Lignite is a sequence of hard, 
sandy, silty lignite (compact peat), organic silt, and tufaceous sand. Two layers of lignite 
have been identified within the Pre-Vashon Sand, Silt, and Lignite. The first was 
identified in wells MW-13 and B-26. This layer is 4 to 7 ft thick at elevations of 40 to 
50 ft. This unit appears to support a zone of perched water in the overlying Pre-Vashon 
deposits but pinches out toward B-27 as shown on Section C, (Figure 3-11). 
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The second lignite layer is a 10-ft-thick unit of hard, black, slightly sandy, silty lignite 
occurring between elevations -1 ft and 9 ft (MW-5, Figure 3-12). It is interbedded with 
a 4-ft-thick deposit of gray sand. These lignite layers appear to be discontinuous; their 
lateral extent is unknown. 

Pre-Vashon Gravel (Qug) 

The Pre-Vashon Gravel consists of a gray-brown, slightly silty, very sandy gravel found 
from elevations 30 to at least 20 ft (MW-13 and B-27); see Section C and D (Figures 
3-11 and 3-12). Its lateral extent is unknown but it is presumed to underlie the 
northwest portion of the property to the original shoreline as well as the cooling pond. 

3.5.5 STRATIGRAPHIC UNITS OF THE STACK AREA 

The geologic system of the Stack Area consists of a thin veneer of Granular Fill 
underlain by a thick sequence of Vashon Advance deposits. The Vashon Advance 
deposits consist of a thick sequence of clayey, silt with thin interbeds of silty fine sand. 
Figures 3-9 and 3-10 illustrate the stratigraphy within the Stack Area. 

The geologic units of the Stack Area consist of the following: 

• Vashon Advance Sands (Qva) 
• Vashon Advance Silt (Qvs). 

3.5.5.1 Vashon Advance Sands (Qva) 

The Vashon Advance Sands are present directly below the granular fill material and 
interbedded with Vashon Advance Silt. Three layers of Vashon Advance Sand have been 
identified and are referred to as Vashon Advance Sand 1 to 3. 

Vashon Advance 

Vashon Advance Sand 1 occurs directly below the Granular Fill on the Stack hill. It is 
present at elevations above 135 ft within the Stack Area. It is composed of 8 to 10 ft 
of medium dense, brown, silty, fine sand to dense, brown, fine sand. 

Vashon Advance Sand 2 is a very dense, gray, fine sand. The unit is about 5 ft thick 
and was identified in well B-19. Surface exposures of this unit are marked by a spring 
on the access road east of the stack at elevation 120 ft (Figure 3-6). 

Vashon Advance Sand 3 is an 8- to 10-ft-thick layer of gray, silty to very silty, fine sand 
to very sandy silt. It was encountered in wells B-17, B-18 and B-31 and was found at 
about elevation 100 to 90 ft. The surface exposure of this unit is marked by a series 
of seeps identified by slump scarps in the hillside of the gully east of the stack at about 
elevation 100 ft. 
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3.5.5.2 Vashon Advance Silt (Qvs) 

The Vashon Advance Silt consists of a thick sequence of imiform hard, gray, laminated 
silt with varying amounts of fine sand and clay. The Vashon Advance Silt is the most 
extensive geologic material on the site. It is present at elevation 140 ft (B-18) on top 
of the Stack Hill and at elevation -65 within the Plant Area in boring B-15. 

The Vashon Advance Silt is an effective aquitard on the site. 

3.6 GROUNDWATER 

3.6.1 INTRODUCTION 

The groundwater flow characteristics of the Asarco site are discussed in the context of 
the three geographic areas defined in Section 3.5 (see Figure 3-18). Groundwater occurs 
in one or more relatively permeable water-bearing geologic units within these areas. 

Of the geologic units identified in Section 3.5, those that exhibit similar hydraulic (water-
carrying) behavior are referred to as hydrogeologic units. The relationship between 
geologic and hydrogeologic units is shown in Figure 3-7. The term "aquifer" is used to 
designate a water-bearing hydrogeologic units, while the term "aquitard" is used to 
distinguish a lower permeability unit between aquifers. These terms, used in this manner, 
are terms of convenience used to describe hydrogeologic units. They are not intended 
to reflect the productivity or use of a hydrogeologic unit for water supply purposes. 

A summary of the Groundwater section is presented in Section 3.6.2. A detailed 
discussion of the groundwater of the site is found in Sections 3.6.3 through 3.6.5. 

Appendbc B contains details of the field data exploration program. This includes details 
of borehole drilling, sub-surface soil sampling, well construction, groundwater sampling, 
hydraulic conductivity testing, and water level measurements. Boring logs and well 
construction diagrams are also found in Appendix B. Appendix D contains details of the 
laboratory testing program for subsurface soils. Appendbc E presents groundwater 
elevation and precipitation graphs. 

3.6.2 SUMMARY OF GROUNDWATER FLOW CHARACTERISTICS AT THE 
ASARCO SITE 

3.6.2.1 Plant Area 

The Fill Aquifer within Plant Area contains the primary groundwater migration pathway 
for chemical contaminants entering Commencement Bay. Understanding groundwater 
flow characteristics and recharge sources for the Fill Aquifer helps assess the nature of 
the chemical loading to Commencement Bay. The Plant Area groundwater flow consists 
of the following: 
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• Three hydrogeologic units are identified within the Plant Area. They are termed 
the Fill Aquifer, Vashon Advance/Marine Silt Aquitard, and Pre-Vashon Sand 
Aquifer. The FiU Aquifer is the most extensive water-bearing zone beneath the 
plant area. The Fill Aquifer and the Pre-Vashon Aquifer are separated by a 
competent aquitard, "the Vashon Advance/Marine Silt Aquitard. The Pre-Vashon 
Aquifer is not significant with respect to the migration of contaminants to the Bay. 

• The Fill Aquifer consists of slag Fill, granular fill, alluvium, and native beach 
deposits. The Vashon Advance / Marine Silt Aquitard consists of sandy, clayey 
silt. The Pre-Vashon Sand Aquifer consists of clayey, very silty sand to silty, 
gravelly sand. 

• The Fill Aquifer is an unconfined aquifer. Because of the varying tides, the 
groundwater gradient is constantly changing. The groundwater gradient during low 
tide is double that of intermediate tide. During high tide, the groundwater 
gradient reverses and inflow from Commencement Bay occurs. However, the net 
groundwater flow direction, gradient, and discharge from the site is toward 
Commencement Bay. There is an upward groundwater gradient within the Fill 
Aquifer and also between the Pre-Vashon Sand Aquifer and the Fill Aquifer. 

• The calculated groundwater discharge over a tidal cycle based on groundwater 
level elevations measured November 10, 1988 is about 0.03 gpm/ft of shoreline. 
This equates about 105 gpm along 3,150 ft of the plant area fronting 
Commencement Bay. 

• Recharge to the Fill Aquifer occurs from direct infiltration of precipitation to 
uncovered fill soils, flow from the cooling pond, loss of water from storm drains, 
and transfer of water from the regional aquifer northwest of the site. 

• Groundwater within the Fill Aquifer moves along the following pathways (Figures 
3-19 and 3-20):. 

- Water within the Fill Aquifer migrates toward Commencement Bay 
- From the cooling pond into the Fill Aquifer water moves toward 

Commencement Bay 
- As interflow (perched water) moves within the Granular Fill in the Arsenic 

Kitchens area into the Fill Aquifer during rainy periods 
- From the storm drains water moves into the Fill Aquifer 
- From the regional aquifer up-gradient of the Parking Lot Area water moves 

into the Fill Aquifer. 

3.6.2.2 Parking Lot Area 

Water within the Parking Lot Area originates in off-site, upgradient regional sources and 
recharges the Fill Aquifer. The parking lot area groundwater flow consists of the 
following: 
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• Two hydrogeologic units have been identified within the Parking Lot Area: (1) 
the Glacial Drift Sequence and (2) the Pre-Vashon Deposits. 

• The Glacial Drift Sequence consists of glacially derived Vashon and Pre-Vashon 
deposits. The combined thickness of these units is about 50 ft. The occurrence 
of water in these deposits is seasonal and discontinuous. Two water-bearing zones 
are identified: (1) a zone within the Vashon Advance and Vashon Till that 
saturates during the winter rainy season and (2) a water-bearing zone perched on 
a silt and lignite layer. 

• Beneath the Glacial Drift Sequence are water-bearing soils within the lower Pre-
Vashon deposits. These soils are hydraulically cormected to the Fill Aquifer within 
the Plant Area. 

• Groundwater in the Glacial Drift Sequence appears to move in the direction of 
the north end of the cooling pond and into the Fill Aquifer. Groundwater within 
the Pre-Vashon Gravel moves into the Fill Aquifer. 

• Recharge to the Parking Lot area is from infiltrafion of precipitation within the 
upland areas to the west. Within the Fill Aquifer, recharge also originates from 
the regional aquifer to the west. 

3.6.2.3 Stack Area 

The presence of a thick sequence of Vashon Advance Silt at shallow depths restricts the 
migration of groundwater from shallow water-bearing zones into deeper aquifers. The 
principal groundwater migration pathway within the Stack Area is within the near surface 
soils of the Granular Fill and Vashon Advance Outwash Sand 1. Deeper aquifers within 
the stack area are recharged off site and discharge through seeps into adjacent gullies. 
The deeper aquifers are not hydraulically connected to the Fill Aquifer. Therefore, a 
groundwater migration pathway to the Fill Aquifer is not likely. The stack area 
groundwater flow consists of the following: 

• The hydrogeologic units of the Stack Area consist of a thin mantle of Granular 
Fill and Vashon Advance Outwash Sand that contains an unconfined aquifer. 
This aquifer overlies a thick deposit of lacustrine-derived sandy, clayey silt which 
behaves as an aquitard by restricting water flow and is termed the Vashon 
Advance Aquitard. Interbedded within the Vashon Advance Silt are thin beds 
of silty sand that are water bearing and are termed the Vashon Advance Sand 
2 and 3 Aquifers. These aquifers are confined. 

• An interflow zone appears to exist within the Granular Fill deposits on the hill 
from the Arsenic Kitchens area to the stack. This interflow zone becomes 
saturated during storm events and drains to the turmels, retaining walls, and, likely, 
the Fill Aquifer at the site's original shoreline location. 
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• Based on the geologic framework, groundwater elevations, and topographic relief 
of the Stack Area, aquifers within the Stack Area exhibit similar flow 
characteristics: 

- Groundwater flow follows the topographic slope until it reaches the ground 
surface. 

- Discharge occurs into the adjacent gullies by way of seeps. 
- There is a downward gradient between the Vashon Advance Sand 1 Aquifer 

and deeper aquifers. 
- Minimal transfer of flow occurs between the Vashon Advance Sand 1 Aquifer 

and deeper aquifers due to the low water-bearing capacity of the Vashon 
Advance Silt Aquitard. 

- There are low groundwater flow velocities and small discharge volumes. 

• Recharge to the upper aquifers within the Stack Area occurs from infiltration of 
precipitation on site to Granular Fill and Vashon Advance Outwash deposits. 
Recharge to the deeper aquifers occurs from precipitation infiltrating the upland 
areas to the west. 

• Groundwater pathways within the Stack Area are the following (Figure 3-22): 

- Water infiltrating on top and at higher elevations of the stack encounters the 
Vashon Advance Silt Aquitard, flows laterally, and discharges in adjacent gullies 
as seeps. 

- Water entering the surface soil on the hillslope above the Arsenic Kitchens 
encounters the Vashon Advance Silt Aquitard and moves as interflow (perched 
water) unfil it discharges in the tunnels, through retaining walls, into gullies 
(for example, adjacent to MW-12), and the Fill Aquifer. 

- Water within the deeper confined aquifers is recharged in the uplands to the 
west, moves laterally, and discharges in the gullies and cliff faces adjacent to 
the stack. 

A detailed discussion of the hydrogeology of the site follows in Secfions 3.6.3 through 
3.6.5. 

3.6.3 GROUNDWATER FLOW WITHIN THE PLANT AREA 

3.6.3.1 Hydrogeologic Units of the Plant Area 

Based on the site geologic data, three hydrogeologic units have been identified within the 
Plant Area. These are shown on Figures 3-19 to 3-21 and include: 

• Fill Aquifer 
• Vashon Advance/Marine Silt Aquitard 
• Pre-Vashon Sand Aquifer. 
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Fill Aquifer 

—The Fill Aquifer consists of water-bearing soils of the Granular Slag -and Wood Waste 
artificial Fills, Alluvium, and Recent Marine Gravel units. These units appear to act as 
a single water-bearing zone in terms of flow of groundwater within the Fill Aquifer. 

The total thickness of the Fill Aquifer ranges from 30 to 35 ft along the original 
shoreline to about 45 ft at the present shoreline. The bulk of this aquifer consists of 
granular-to-massive fractured Slag Fill which underlies the eastern half of the site 
(approximately from the original shoreline to the present shoreline). 

The composition of the Fill Aquifer changes towards the original shoreline. In the 
vicinity of wells MW-4, MW-5 and B-27, the fill aquifer extends into glacial drift deposits 
and Pre-Vashon Gravel (Figure 3-21). This is based on similar water levels in well B-
27 and wells screened in the Fill Aquifer. The Pre-Vashon Gravel is likely connected 
to the regional aquifer on the Point Defiance peninsula. 

Between the plant administrative offices and well B-23, the Fill Aquifer consists of 
Alluvium overlain by 10 to 20 ft of Granular Fill. In this area, the Fill Aquifer appears 
to extend west into granular fill and alluvial materials beneath the cooling pond (Figure 
3-20). 

Between the Plant and the Stack areas (Figure 3-18), the lateral extent of the fill aquifer 
roughly coincides with the geologic boundary between the Vashon Advance Silt and the 
Granular Fill (approximately the original shoreline boundary). It appears that this 
boundary represents a no-flow boundary for the Fill Aquifer. Here, the Fill Aquifer 
pinches out against the Vashon Advance Silt unit. 

Southeast of the Arsenic Kitchen area near wells MW-8 and MW-9, the fill aquifer 
consists of about 15 ft of Slag Fill underlain by about 10 ft of Recent Marine Gravel. 
Although no borehole control exists southwest of MW-9, it is assumed that the Fill 
Aquifer pinches out against the Vashon Advance Silt along the escarpment to the west. 

Vashon Advance Silt Aquitard 

Low permeability Vashon Advance Silt separates the Fill Aquifer from the deeper Pre-
Vashon Sand Aquifer. The thickness of this unit is about 25 ft near wells B-14 and 
MW-2C2. This aquitard thickens toward the southeast to over 55 ft at boring B-15 
(Figure 3-15). Based on the low vertical hydraulic conductivity and thickness of this 
material, this unit isolates the Fill Aquifer from deeper aquifers. 
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Pre-Vashon Sand Aquifer 

The Pre-Vashon Sand Aquifer consists of a 10-ft-thick unit of very silty sand that grades 
to a silty gravelly sand. This is a confined aquifer having a water level elevation of about 
20 ft. This aquifer pinches out toward the southeast end of the site as it was not 
encountered in boring B-15. Its southwestem extent is unknown. 

3.6.2.2 HydrauUc Conductivity of the Plant Area 

Fill Aquifer 

Twenty in-situ hydraulic conductivity tests were conducted in wells screened within the 
Fill Aquifer. Table 3-1 presents the results of this testing. The values ranged from 
6x10'̂  to 1x10"̂  with a geometric mean of 1.6x10"̂ . 

The hydraulic conductivity of the Recent Marine Sand is about 2 orders of magnitude 
smaller than that of the Slag FiU. These values ranged from 2x10'̂  to 3x10"̂  with a 
geometric mean of 2.4x10"̂ . This difference in hydraulic conductivity is likely due to the 
fine grained and well-sorted character of the beach sand deposits of the Recent Marine 
Sand as compared to the Slag Fill. 

Vashon Advance Silt Aquitard 

Four, flexible-wall laboratory hydraulic conductivity tests were performed on relatively 
undisturbed samples collected in wells MW-2C2, MW-8, B-14, and B-16. The calculated 
vertical hydraulic conductivity values range from 3.4x10'* to 1.8x10"̂  cm/sec with a 
geometric mean of 2.17x10"̂ . Table 3-2 presents the results of the laboratory hydraulic 
conductivity testing. 

These low values of hydraulic conductivity, thickness, and upward gradient (see Section 
3.6.3.4, Groundwater Flow Directions and Gradients) between the Pre-Vashon Sand and 
the Fill Aquifer should effectively prevent groundwater flow from the Fill Aquifer to 
deeper aquifers. 

Pre-Vashon Sand Aquifer 

One in-situ hydraulic conductivity test was performed in the Lower Aquifer in well B-
14. The calculated value was 2 x 10"̂ . 

3.6.3.3 Depth to Groundwater 

Fill Aquifer 

Depth to water was measured to obtain water level elevation data to assess groundwater 
flow characteristics. This data is presented in Appendix B (Tables B-4 and B-5). WeUs 
MW-2A MW-2B, MW-6, and MW-8 were monitored continuously using pressure 
transducers and data loggers for approximately 6 days between December 17 to 23, 
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Table 3-1. Summary of Hydraulic Conductivity (K) Estimates Based on Grain 
Testing 

PLANT AREA 

WeU/ 
Boring 
Number 

MW-IA 

MW-IB 

MW-2A 

MW-2B 

MW-3A 

MW-4 

MW-4 

MW-5 

MW-6 

MW-8 

MW-8 

Sample 
Number 

— 

~ 

— 

- . 

S-7 

S-10 

S-12 

S-13A 

S-9 

S-11 

Sample 
Description 

. . . 

. . . 

. . . 

. . . 

Slightly silty, 
very sandy 
GRAVEL 

Slightly 
gravelly, 
slightly silty, 
fine to 
medium SAND 

Slightly silty, 
very sandy 
GRAVEL 

Silty, .sandy 
GRAVEL 

Slightly silty, 
graveUy SAND 

Very sandy 
GRAVEL 

Representative 
Aquifer (Geo­
logic Unit) 

FiU Aquifer 
(Slag Fill) 

Fdl Aquifer 
(Slag Fill) 

Fill Aquifer 
(Slag Fill/ 
Recent Marine 
Sand) 

Fill Aquifer 
(Slag Fill) 

FU Aquifer 
(Slag Fll) 

FiU Aquifer 
(Pre-Vashon 
Outwash) 

FiU Aquifer 
(Pre-Vashon 
Outwash) 

FUl Aquifer 
(Pre-Vashon 
Outwash) 

FiU Aquifer 
(Recent Marine 
Sand) 

FiU Aquifer 
(Recent Marine 
Sand) 

FUl Aquifer 
(Recent Marine 
Sand) 

1 Size Distribution and Slug 

K-Estimates in cm/sec 
Grain Slug 
Size Test 

. . . 

— 

... 

. . . 

6.0x10'^ 

8.1x10'̂  

4x10'^ 

6x10-^ 

6.4x10'̂  

4x10'^ 

2x10-2 

3x10'^ 

2x10-2 

2x10-2 

3x10-2 

5x10"^ 

2x10-2 

6x10"^ 

1x10-2 

— 

Best 
Estimate 

2x10*2 

- 3x10-2 

2x10-2 

1x10-2 

3x10-2 

5x10-^ 

2x10-2 

6x10^ 

1x10-2 

— 
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Table 3-1. Summary of HydrauUc Conductivity (K) Estimates Based on Grain Size Distribution and Slug 
Testing (continued). 

PLANT AREA (continued) 

WeU/ 
Boring Sample Sample 
Number Number Description 

Representative K-Estimates in cm/sec 
Aquifer (Geo- Grain Slug Best 
logic Unit) Size Test Estimate 

MW-9 

MW-12 

B-16 

B-33 

B-34 

B-35 

B-36 

B-37 

STACK 

MW-11 

B-18 

B-19 

S-6 

S-16 

S-6 

— 

.. . 

S-9 

... 

AREA 

S-7 

_-

. . . 

SUghdy sUty, 
graveUy SAND 

Slightly sUty, 
very graveUy 
SAND 

Slightly sUty, 
fine SAND 

— 

.. . 

SUty fine 
SAND 

.. . 

Slightly 
clayey, sandy 
SILT 

Sandy SILT 

Very sUty, 
fme SAND 

FiU Aquifer 
(Slag FiU/ 
Recent Marine 
Sand) 

FiU Aquifer 
(Alluvium) 

Fill Aquifer 
(Recent Marine 
Sand) 

Fill Aquifer 
(Slag Fll) 

FiU Aquifer 
(Slag FUl) 

FUl Aquifer 
(Recent Marine 
Sand) 

FiU Aquifer 
(Slag FUl) 

Fill Aquifer 
(Slag FUl) 

Vashon Aquifer 
(Vashon Advanc( 
Outwash) 

Vashon Advance 
Sand 3 

Vashon Advance 
Sand 3 

7.2x10-2 3̂ ^Q-3 

2JxlO-2 6x10-2 

3x10' -3 

2x10 1-3 

2JxlO-^ 

2x10 

IxlO" 

,-3 

2x10' 

3x10 

6x10"' 

1x10-' 

1-2 

2x10 

IxlO"" 

3xl0-> 

1-3 6x10' 

2x10-"' 

1x10 

2xl0-' 

3x10' 

6x10-' 

1x10-' 

-2 

2x10' 

IxlO"' 

PARKING LOT AREA 

B-27 Very sUty, 
fine SAND 

FJl Aquifer 
(Ruston Gravel) 

1x10 1x10' 
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Table 3-1. Summary of Hydraulic Conductivity (K) Estimates Based on Grain Size Distribution and Slug 
Testing (continued) 

PARKING LOT AREA (continued) 

WeU/ 
Boring Sample Sample 
Number Number Description 

Representative K-Estimates in cm/sec 
Aquifer (Geo- Grain Slug Best 
logic Unit) Size Test Estimate 

MW-13 S-23 Slighdy sUty, 
graveUy SAND 

Glacial Drift 
Sequence (Point 
Defiance Unit) 

1.9x10-2 4x10-2 4x10' 1-3 

Notes: 1) Sample description is based on the grain size distribution as observed in the Hart Crowser Soil 
Laboratory. 

2) Best estimate is our best judgement of the most representative value comparing the two methods. 

3) K-estimate based on GS is computed using K = (d^Q)2 where d.|- is the grain size for which 90 
percent of soU wiU retain on the sieve and is given in millimeters. 

4) See appendices for details of GS and Slug Test methods. 
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Table 3-2. Summary of HydrauUc Conductivity (K) Estimates Based on Laboratory K-
Testing 

] Well/Boring 
Number 

MW-2C2 

MW-8 

MW-10 

B-14 

B-16 

B-18 

B-23R 

B-25R 

Sample 
Number 

S-ll„ 

S-14 

S-8 

S-14 

S-8 

S-6 

— 

S-1 

Representative 
Description 

Wet silt with 
trace of sand 
lens 

Wet SILT 

Wet sandy SILT 

Slightly sandy, 
slightly clayey 
SILT 

Very clayey SILT 

Slightly sandy. 
Clayey SILT 

Clayey SILT 

Very Clayey SILT 

Geologic K-Estimate 
Unit in cm/sec 

Commencement 3.3x10"'' 
SiU 

Commencement 1.1x10"̂  
SUt 

Weathered 1.1x10"̂  
Commencement 
Silt 

Commencement 1.8x10"® 
Silt 

Commencement 3.4x10"* 
Silt 

Commencement 1.3x10"̂  
Silt 

Commencement 8 xlO"* 
Silt 

Commencement 6 xlO"* 
Silt 

Notes: 1) Sample description is based on the visual observations made by Hart Crowser 
Laboratory Manager per ASTM D 2488. 

2) See appendices for details of the laboratory procedures. 
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The FUl Aquifer is a water table aquifer. The water table is influenced by 
Commencement Bay tides. Water level data indicate that wells completed within the 
Slag fill fluctuate coincidently with the tides with a slight damping effect and a lag time 
of about 2 to 3.5 hours. The influence of tidal fluctuation on the water table in the Fill 
Aquifer decreases in the inland direction as indicated by water level response to the tides 
in weU MW-6 (Figure 3-23). This is a result of both distance from the shoreline and the 
hydrauUc conductivity of the fill. 

The depth to water for wells screened within the FiU Aquifer, under average tidal 
conditions, varies between 6 to 28 ft below the ground surface. Seasonal precipitation 
causes the water table to fluctuate 0.5 to 3 ft throughout the year (see Appendix E). 

The granular fiU materials near well B-23 are unsaturated. Well B-23 did not show 
water during groundwater level monitoring during the fall and winter of 1988/89. 

Pre-Vashon Sand Aquifer 

The Pre-Vashon Sand Aquifer is a confined aquifer. Well B-14 is the only well screened 
in this aquifer. The depth to water in B-14 is approximately 10 ft below ground surface 
and fluctuates about 0.5 ft diumally due to tidal loading of the overlying soils. 

3.6.3.4 Groundwater Flow Directions and Gradients 

Fill Aquifer 

The groundwater (water table) elevation contour maps for the Fill Aquifer are presented 
on Figures 3-24 through 3-26. These maps were constructed using data collected during 
low, intermediate, and high tidal conditions November 10, 1988. These contours are 
based on the linear interpolations of water level elevations between wells. 

Tidal Effects. The overall net groundwater flow direction and discharge is into 
Commencement Bay. Due to tidal action, the groundwater gradient and discharge 
volume is constantly changing. Groundwater elevation contour maps (Figures 3-24 and 
3-25) show that, during low and intermediate tide conditions, the horizontal groundwater 
gradient is toward Commencement Bay. The average estimated horizontal gradients of 
the FiU Aquifer during low and intermediate tide conditions are about 0.02 and 0.01 
respectively. 

During high tide, the groundwater gradient reverses and flows inward from 
Commencement Bay (Figure 3-26). The average horizontal gradient during the reverse 
gradient condition is about 0.005 to 0.01. Based on continuous water level monitoring 
for November 14 to 17, 1988 this gradient reversal occurs approximately 6 hours over the 
monitored tidal cycle. The water elevation contour maps also indicate that a zone of 
reverse gradient zone extends about 200 to 300 ft inland from the present shoreline. 
During the reversed gradient condition, groundwater does not discharge into 
Commencement Bay. 
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Vertical Gradients. Groundwater elevation data indicate that an upward vertical 
gradient exists within the FiU Aquifer. The water levels in MW-2A, screened in the 
bottom_ofthe-FUl Aquifer, are generally higher than the water level elevations of MW-
2B, which is screened in the upper portion of the Slag FiU. This is also the case with 
weUs B-35 (screened in the Recent Marine Sand) and nearby wells B-34, B-33, and B-
36 (screened in the Slag FiU). 

An upward gradient of about 0.18 ft/ft exists between the Pre-Vashon Sand Aquifer and 
the FUl Aquifer. This is based on the groundwater level in weU B-14 being 5.4 ft above 
that of the lower portion of the Fill Aquifer (B-35) during low tidal conditions of 
November 10, 1988. Such upward gradients are common in the coastal areas of Puget 
Sound and restrict the downward migration of contaminants if present. 

3.6.3.5 Recharge to the Plant Area 

The source of recharge to the FUl Aquifer is an important variable in identifying sources 
of contaminants to the Fill Aquifer. 

Based on the available data, recharge to the FiU Aquifer occurs through the following 
mechanisms: 

• direct infiltration of precipitation to fill soils in areas not covered by buildings or 
pavement 

• migration of groundwater from the regional aquifer northwest of the site 
• infiltration through soils adjacent to and downgradient of the cooling pond 
• loss of water from storm drains crossing the site. 

Most of the site is covered by either buUdings or pavement. Hence, direct infiltration 
of precipitation is not the primary mechanism of recharge to the Fill Aquifer. However, 
certain areas of the Fill Aquifer show a marked increase in water levels associated with 
storms. This is the case with wells MW-12, MW-6 and MW-9. Water levels in these 
wells respond nearly coincidently with the timing of precipitation (Appendbc E). This 
response indicates that recharge from precipitation on or very near the site is occurring. 

The_mechanisnis for this on-site recharge are likely one or more of the following: (1) 
transfer of water from the interflow zone in the Arsenic Kitchen area to the Fill Aquifer 
at the original shoreline location; (2) loss of water to the Fill Aquifer from storm drains 
that transect the site (See Surface Water, Section 3.3), and (3) infiltration of precipitation 
to soils within and around the cooling pond. 

Recharge to the Fill Aquifer also occurs from the regional aquifer within the glacial and 
pre-glacial soUs in the Parking Lot Area and in the uplands to the west. This is based 
on two observations. First, water-bearing soils of the Pre-Vashon deposits are found 
adjacent to deposits of the FiU Aquifer (Figure 3-21). And second, similar water level 
elevations are found in well B-27 (screened in the Pre-Vashon Gravel) and wells 
screened in the Fill Aquifer (MW-4, MW-5, MW-6, and MW-12 etc.. Figures 3-24 to 
3-26) 
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Recharge to the Fill Aquifer could be occurring from water filtrating the soils adjacent 
to the cooUng pond. This assumption is based on water table elevations of MW-12, B-
27, and MW-5 and the apparent continuity of alluvial soUs from MW-12 toward the 
cooling pond. 

Recharge to the Pre-Vashon Sand Aquifer from the Fill Aquifer is unlikely. This 
assumption is based on the upward gradient between the Pre-Vashon Sand Aquifer and 
the FiU Aquifer, the thickness and vertical hydraulic conductivity of the Vashon 
Advance/Marine Silt Aquitard. 

3.6.3.6 Groundwater Row Pathways 

Groundwater Flow Pathways for the Plant Area are iUustrated in Figures 3-19 to 3-21. 
They are as follows: 

• The main groundwater flow path within the Fill Aquifer is generally toward 
Commencement Bay. Water entering the Fill Aquifer will discharge into 
Commencement Bay. 

• A groundwater flow path may exist from the cooling pond into the fill aquifer. 

• A groundwater flow path exists from the glacial and pre-glacial soils of the 
Parking Lot area and in the uplands to the west. 

• A groundwater flow path may exist from the interflow zone adjacent to the 
Arsenic Kitchens area to the Fill Aquifer at the original shoreline location. 

• A groundwater flow path exists from the storm drains into the fill aquifer. 

No hydraulic cormection is known to exist from the deeper aquifers beneath the Stack 
Area to the Fill Aquifer. This is based on the pinching out of deposits that comprise 
the FiU Aquifer against the Vashon Advance Silt unit. Likely, the Pre-Vashon Sand unit 
extends under the stack hiU and could be receiving recharge from upland areas to the 
southwest. 

3.6.3.7 Groundwater Discharge to Commencement Bay 

Groundwater discharge and velocity within the Fill Aquifer were calculated for low, 
intermediate, and high tide for three regions on the site. Darcy's Law was used to 
calculate the discharge and velocity of groundwater within three regions of the site as 
shown in Figures 3-24 to 3-26. An equivalent hydraulic conductivity of .01 cm/sec was 
used for the Fill Aquifer. Groundwater discharge calculations are based on continuous 
water level monitoring data during November 14 to 17, 1988 (Figure 3-22). Hand 
measurements of water levels in Plant Area wells were made during highest high, 
intermediate, and lowest low tide on November 10 to 11, 1988. 
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The net groundwater flow over a 24-hr period is toward Commencement Bay. Outflow 
to the bay occurs about 18 hours of the day based on continuous water level monitoring. 
The net discharge of water to Commencement Bay over a tidal cycle is approximately 
0.03 gpm/ft of shoreline reach. This equates to 105 gpm along 3,150 ft of the Plant 
Area that fronts Commencement Bay. These ranges represent a time weighted average 
of the discharge during highest high, intermediate, and lowest low tides. The discharge 
for lowest low tide is about 280 gpm; for intermediate tide it is about 130 gpm. For 
highest high tide, the inflow to the Fill Aquifer is about 140 gpm. 

3.6.4 HYDROGEOLOGY OF THE PARKING LOT AREA 

Water within the Parking Lot Area originates in off-site, upgradient regional sources and 
recharges the Fill Aquifer. 

3.6.4.1 Hydrogeologic Units of the Parking Lot Area 

Based on the site geologic data, two hydrogeologic units have been identified within the 
Parking Lot Area (Figure 3-21). These are the following: 

• Glacial Drift Sequence 
• Fill Aquifer. 

Glacial Drift Sequence 

The Glacial Drift Sequence consists of unsaturated and water-bearing soils of the Vashon 
Advance, Vashon Till, Vashon Outwash, Pre-Vashon TiU, Pre-Vashon Outwash and Pre-
Vashon Silt. The combined thickness of these units is about 50 ft. Because the 
presence of water within this sequence is discontinuous, it is not convenient to discuss 
this sequence in terms of aquifers and aquitards. However, two water-bearing zones have 
been identified within this sequence of soils. 

The first water-bearing zone consists of soils of the Vashon Till and Vashon Advance 
soils. However, these soils bear water only during the winter rainy season. 

The second water-bearing zone within the Glacial Drift Sequence exists as "perched 
water" within the lower portion of the Glacial Drift Sequence as monitored by wells 
MW-13 and B-29. The saturated thickness of this unit ranges from about 2 ft in well 
B-29 to 12 ft in well MW-13. It appears that water is perched on the thin layer of 
lignite and silt within the lower portion of the Glacial Drift Sequence. 

The lower portion of the Glacial Drift Sequence (Pre-Vashon Sand, Silt, and Lignite) 
consists of lignite and sUt. These soils encountered in wells MW-13 and B-29 appear 
to behave as an aquitard maintaining a thin saturated zone within gravelly sand units 
of the Pre-Vashon Sand, Silt, and Lignite geologic unit. This aquitard appears to pinch 
out to the southeast (toward the cooling pond). 
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Pre-Vashon Deposits 

Water-bearing soils of the lower portion of the Pre-Vashon Sand and Gravel (MW-5 and 
B-27) appear to be in hydraulic connection with the Plant Area FiU Aquifer. The 
thickness of these deposits were not defined within our investigation. 

3.6.4.2 HydrauUc Conductivity of Hydrogeologic Units of the Parking Lot Area 

Glacial Drift Sequence 

One in-situ hydraulic test was done in the perched zone of the Glacial Drift Sequence 
in weU MW-13. The value of hydraulic conductivity calculated was 4xl0"2 cm/sec. 

Pre-Vashon Deposits 

The hydraulic conductivity calculated for the Pre-Vashon Deposits at B-27 was 1x10"*. 
This value is the lowest value calculated for this deposit. 

3.6.4.3 Depth to Groundwater and Groundwater Flow Directions 

Glacial Drift Sequence 

Two water-bearing zones have been identified within this sequence of soils. Water level 
data taken from the middle of October through the last week of January 1989 indicate 
that the lower portion of the Vashon Advance and Vashon Till remain unsaturated 
during the dry season and saturate during the winter rainy season. Wells B-26, B-28 and, 
B-30 monitor this zone. Well B-28 remained dry until December 1, 1988 and Well B-
30 remained dry until January 5, 1989. Well B-26 remained dry throughout the 
monitored period. Figure 3-27 shows the water level elevations for the Parking Lot Area 
wells. 

The water depths in wells B-28 and B-30 were 31.6 and 34.2 ft (elevation 67.9 and 45.1 
ft) respectively on January 24, 1988. It is not practical to quantitatively determine a 
groundwater flow direction because water in this zone is discontinuous. However, water 
in this zone likely follows the topographic slope toward the plant offices. 

The water depths in the perched zone in wells MW-13 and B-29 are about 47 and 42 
ft respectively. The perched zone appears to be sensitive to recharge from precipitation 
infiltrating upland areas to the north and west. The water level in well MW-13 varies 
about 0.8 ft in response to precipitation. Although the summer water level in MW-13 
is about 1 ft lower than during the winter months, the water level in B-29 remained 
relatively constant over the monitoring period. 

Based on the water elevations of weUs B-29 and MW-13, the groundwater flow direction 
of the perched zone appears to be toward the south (toward the cooling pond). Figure 
3-27 shows the spot elevation of the groundwater elevation of the perched zone. During 
Phase I field investigations (September 1987 to January 1988), a seep was observed in 
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the hillslope southwest of weU MW-4. It was not observed during Phase II (August 1988 
to January 1989). This seep may indicate an easterly flow toward the hillslope west of 
the weUs MW-4 and MW-5. 

Pre-Vashon Deposits 

The depth to water in the Pre-Vashon Deposits near weU B-27 is about 56 ft. The 
water level in B-27 varies about 1 ft (see Appendix E) in response to precipitation 
during the winter months. This variation is similar to wells on the western side of the 
plant in the wells screened in the FUl Aquifer (wells MW-4, MW-5, MW-12, MW-6, 
MW-8 and MW-9). This indicates that infiltration from precipitation on upland areas 
and perhaps the cooling pond provides a significant portion of the recharge to the fiU 
aquifer. 

Based on the water level elevation of wells B-27, MW-4, MW-5, and MW-12 the 
groundwater flow direction in the Parking Lot Area within the Pre-Vashon Deposits is 
toward Commencement Bay. This flow direction is consistent with the expected regional 
gradient and gradients observed within the Plant Area. 

3.6.4.4 Recharge to the Parking Lot Area 

Glacial Drift Sequence 

Water-bearing zones in the Glacial Drift Sequence receive recharge from precipitation 
in upland areas to the north and west of the Parking Lot Area. Water level response 
to precipitation in wells MW-13 and B-29 (Appendbc B) suggests that the Glacial Drift 
Sequence receives the bulk of its water in the winter rainy season. 

Fill Aquifer 

The fill aquifer likely receives recharge from infiltration as well as recharge from 
upgradient water-bearing soils. Groundwater elevation data further suggests that a 
significant portion of the recharge to the Fill Aquifer is due to groundwater flow from 
the regional aquifer in glacial soils in upland areas to the north and west of the Asarco 
site. Water-level-verses-precipitation relationships (Appendbc E) support the finding that 
infiltration from precipitation is also a likely source of recharge. 

3.6.4.5 Groundwater Flow Pathways within the Parking Lot Area 

Groundwater pathways within the Parking Lot area shown on Figure 3-21 are as follows: 

• Infiltration of precipitation recharging the seasonally saturated and perched zones 
of the Glacial Drift sequence 

• Lateral movement south in the perched zone toward the cooling pond. Downward 
movement into the Fill Aquifer where the Point Defiance aquitard pinches out 
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• Lateral movement originating within the regional aquifer to the west providing a 
source of recharge to the Pre-Vashon Sand and Gravel. 

3.6.5 HYDROGEOLOGY OF THE STACK AREA 

The groundwater pathway of importance within the Stack Area is in the near surface 
soils of the Granular FiU and Vashon Advance Sands. The presence of the thick 
sequence of Vashon Advance SUt found at shaUow depths in the Stack Area prevents 
the migration of groundwater into deeper aquifers. 

Deeper Vashon Advance Sand aquifers, identified in this investigation, are recharged off 
site and discharge through seeps into adjacent guUies. These deeper aquifers are not 
directly hydraulically cormected to the Fill Aquifer. Figure 3-22 illustrates the 
hydrogeologic units and principle groundwater flow pathways in the Stack Area. 

3.6.5.1 Hydrogeologic Units of the Stack Area 

Based on the geologic and weU data collected by Geolabs (1969 and 1970), the 
hydrogeologic units of the Stack Area consist of a thick deposit of lacustrine-derived 
sandy, clayey silt with thin interbeds of very fine silty to very silty sand. This sequence 
is to be part of the Vashon Advance deposits. The sand interbeds are water bearing and 
are referred to as Vashon Advance Sand Aquifers 1 through 3. The Vashon Advance 
Silt acts as an aquitard restricting the vertical transfer of water from one sand layer to 
another. Figure 3-22 illustrates the relationships between these units. 

The hydrogeologic units in the Stack Area are as follows: 

• Vashon Advance Sand 1 through 3 
• Vashon Advance Silt Aquitards. 

Vashon Advance Sand 1 Aquifer 

The Vashon Advance Sand 1 Aquifer consists of very-silty-to-silty sands of the Vashon 
Advance Outwash. This unit directly underlies the Granular Fill material on the top of 
the stack hill. Wells MW-11, B-20, B-21, and B-22 are screened in this unit. The 
thickness of this unit ranges from 10 ft at MW-11 to 4.5 ft at B-21. Wells MW-11 and 
B-22 have remained dry for the length of the project. Wells B-21 and B-20 have shown 
up to 1 to 1.5 ft of water during the water level monitoring of Phase II. 

Vashon Advance Silt Aquitards 

The aquitards within the Stack Area consist of hard silt with minor amounts of sand 
and clay of the Vashon Advance SUt unit. The Vashon Advance Silt unit appears to be 
a continuous unit of lacustrine-derived silts with thin interbeds of sUty to very silty sand. 
These sand interbeds are generally water-bearing and appear to be isolated from each 
other by the silt. 
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Near weUs B-17 and B-18, the Vashon Advance Silt Aquitard has a thickness of 30 to 
45 ft. Near well B-19 the Vashon Advance SUt Aquitard contains a 5-ft-thick sand 
layer representing the Vashon Advance Sand 2 Aquifer. 

Vashon Advance Sand 2 and 3 Aquifers 

As discussed in Section 3.5, the sand interbeds identified on the site in the Vashon 
Advance Silt are termed Vashon Advance Sand 2 and 3. Since these units are water 
bearing, they are referred to as the Vashon Advance Sand 2 and 3 Aquifers. 

The Vashon Advance Sand 2 consists of a thin interbed of sUty fine sand. The Vashon 
Advance Sand 2 Aquifer is screened in well B-19 where it is about 5 ft thick. This 
aquifer is confined, showing a water level of about elevation 130 ft This unit appears 
to pinch out toward the south and is composed of sand stringers in well B-18 and is not 
present at weU B-17. Thus only one well was installed in the Vashon Advance Sand 2 
Aquifer. This aquifer discharges a seep at elevation 120 ft on the access road east of 
the stack. 

The Vashon Advance Sand 3 Aquifer consists of about a 10-ft-thick, interbedded, very-
sandy-silt-to-very-silty sand. This aquifer is confined with a water level elevation at 
about 90 to 115 ft. This unit outcrops in the railroad tunnel cut and on the north and 
south hill sides of the Stack Hill at an elevation of about 85 to 95 ft. It most likely 
provides water that seeps in the railroad and car turmels and in the gully south of the 
stack at about elevation 100 ft. 

3.6.5.2 Hydraulic Conductivity of the Stack Area 

Vashon Advance 1 Aquifer 

No in-situ hydraulic conductivity tests were performed in the Vashon Advance 1 Aquifer 
due to the dry wells or low water volumes in wells screened in this unit. However, two 
values of hydraulic conductivity were calculated based on the grain size distribution by 
the Hazen method (Freeze and Cherry 1979): 2.5xl0"2 and 2.5xl0"2 cm/sec. Because of 
the fine-grained nature of these soils, these values are considered estimates. 

Vashon Advance Silt Aquitards 

One flexible-wall vertical hydraulic conductivity test was performed in the Hart Crowser 
soils laboratory on a relatively undisturbed sample obtained from well B-18 at a depth 
of 15 ft (elevation 136 ft). The calculated value of hydraulic conductivity was 1.3x10'̂  
cm/sec. 

This value of hydraulic conductivity is similar to values measured in the plant area and 
appears to be representative of the hydraulic conductivity of the Vashon Advance Silt 
unit. This conclusion is based on the uniform nature of the Vashon Advance Silt across 
the site. It can be illustrated by grain size distribution (Appendix D), visual classification 
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(both field and laboratory), and the results of the laboratory hydraulic conductivity testing 
results of other Vashon Advance SUt soils. 

A total of 8 laboratory vertical hydraulic conductivity tests were performed on the 
Vashon Advance Silt at various elevations. The calculated values range from 3.4x10"* to 
1.1x10"® cm/sec with a geometric mean of 1.9x10"̂  These values are presented in Table 
3-2. 

3.6.5.3 Depth to Groundwater, Groundwater Flow Directions 

Figures 3-28 and 3-29 show interpreted water level elevations within the Vashon Advance 
1 and 3 Aquifers. These aquifers exhibit similar groundwater flow characteristics. They 
include: 

• Groundwater flow that follows the topographic slope until it reaches land surface 

• Discharge into the adjacent gullies and gulches through seeps 

• Low groundwater flow velocities and small discharge volumes compared to the 
Plant Area 

• Little or no migration of flow between aquifers 

• No direct groundwater flow path from Vashon Advance 2 and 3 aquifers to the 
FiU Aquifer. 

Vashon Advance 1 Aquifer 

The Vashon Aquifer is an unconfined aquifer. The water level elevations measured from 
our wells and interpreted from existing borings (Geolabs 1969, 1970) appear to follow 
the topographic slope until it intercepts the lanci surface, where it discharges as seeps 
into the adjacent gullies. The groundwater gradient within the Vashon Advance Outwash 
is about 0.1. The seep south of the stack at elevation 155 ft emanates from this aquifer. 

Although four weUs were installed within the Vashon Advance 1 Aquifer, only wells B-20 
and B-21 have shown water. Groundwater discharge along the gully southwest of the 
stack and the foundations of the stack are thought to interrupt groundwater before wells 
MW-13 and B-22. The depth to water in wells B-20 and B-21 are 17 and 10 ft 
(elevation 130 and 143 ft) respectively. 

A downward gradient exists from the Vashon Advance Sand 1 Aquifer to deeper aquifers 
in the Stack Area. A very small amount of water is thought to flow from the Vashon 
Advance Sand 1 Aquifer to deeper aquifers. This is based on the hydraulic conductivity 
and thickness of the Vashon Advance Silt and the discharge characteristics of the Vashon 
Advance Sand 1 Aquifer. 

3-30 



Vashon Advance Sand 2 Aquifer 

WeU B-19 is the only well screened within the Vashon Advance Sand 2 Aquifer. This 
aquifer is confined and has a depth to water of about 16 ft (elevation 130 ft). This 
aquifer discharges water from a seep located in the road cut on the access road east of 
the stack at elevation 121 ft. The water level in weU B-19 responds to seasonal 
precipitation and has increased about 1.5 ft since early November. 

Areal distributed water level data are lacking to construct a groundwater flow map for 
this unit. This aquifer is thought to have similar characteristics to those described for 
all the Stack Area Aquifers. 

Vashon Advance 3 Aquifer 

Wells B-17, B-18, and B-31 are completed in the Vashon Advance 3 Aquifer. Figure 
3-28 is an interpreted groundwater flow map for this unit. The depth to water in wells 
B-17, B-18, and B-31 are about 63, 38, and 9 ft respectively. These are equivalent to 
elevations of 91, 115, and 92 ft respectively. The water levels in this aquifer respond 
to seasonal precipitation with a 1 to 3 ft variation (Appendbc E). 

Well B-31 (screened adjacent to and below the top of the railroad tunnel) has a higher 
water level variation than wells B-18 and B-17. Because this weU is the most down-
gradient well within this unit, one would expect it to have a lower water level elevation 
than other wells screened in the Vashon Advance 3 Aquifer. However, its higher water 
level elevation is likely due to recharge of water from direct infiltration of precipitation 
to Granular FUl soils on top of and adjacent to the railroad turmel. The higher water 
level may also be caused by water dammed behind the railroad and car tunnels. 

Groundwater in the Vashon Advance 3 Aquifer generally follows the topographic slope 
until intersecting the ground surface in the gullies and cliffs above Commencement Bay. 
Discharge of this aquifer can be observed in seeps in the gully to the southeast of the 
stack hill at elevation 100 ft. The horizontal groundwater gradient near the stack is 
approximately 0.15. 

There is no apparent connection of the Vashon Advance 3 Aquifer to other aquifers in 
the plant area. This conclusion is based on the elevation and groundwater discharge 
characteristic of this unit. However, other deeper aquifers interbedded with or below the 
Vashon Advance SUt may provide a source of recharge to the Fill Aquifer. 

3.6.5.5 Recharge to the Stack Area 

Recharge to the Vashon Advance 1 Aquifer occurs mostly as direct infiltration to surface 
soils adjacent to the stack and in the upland areas to the west. Recharge to the Vashon 
Advance 2 and 3 aquifers of the Stack Area occurs mostly from precipitation infiltrating 
the uplands area to the west. Water-level-verses-precipitation graphs (Appendbc E) 
illustrate the relationship between winter rains and recharge to aquifers in the Stack 
Area. 
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Although deep aquifers in the Stack Area do not provide a direct source of recharge 
to the FiU Aquifer, runoff entering the storm drains from the gullies on either side of 
the. stack may enter the FiU Aquifer. Water in the interflow, zone may also enter the 
FiU Aquifer where the Commencement Silt pinches out against the Slag Fill at the 
original shoreline location. 

3.6.5.6 Groundwater Migration Pathways in the Stack Area 

Groundwater pathways in the Stack shown on Figure 3-22 are these routes: 

• Water infiltrating on top and at higher elevations of the stack encounters the 
Vashon Advance Silt Aquitard, flows laterally and discharges in adjacent gullies 
as seeps. 

• Water entering the surface soil on the hillslope above the Arsenic Kitchens 
encounters the Vashon Advance Silt Aquitard and moves as interflow (perched 
water) until it discharges in the mnnels, through retaining walls, into gullies 
(adjacent to MW-12) and the Fill Aquifer. 

• Water in the deeper confined aquifers is recharged in the uplands to the west, 
moves laterally, and discharges in the gullies and cliff faces adjacent to the stack. 

3.7 MARINE SEDIMENT 

3.7.1 SURFACE SEDIMENT GRAIN SIZE 

Results of the marine sediment grain size analysis are shown in Figures 3-30 through 
3-33. See Volume 2 for tabulations of the numerical grain size data. The highest 
percentages of coarse sediment, gravel and coarse sand are located off the slag fill area. 
Mbced sediments containing coarse grain sizes are also located off the smelter docks and 
to the northwest of the smelter. A large percentage of the gravel and coarse sand found 
off the slag fill area (Figures 3-32 and 3-33) contained slag particles. 

Medium sand was found in high percentage in the offshore areas from the smelter and 
to.the. northwest of the slag fill area (Figure 3-31). Visual observations of the sand 
particles in the area offshore from the smelter showed the substrate to be prrmarily 
clean sand containing no slag particles in the areas of highest percent medium sand. 
However, sand particles observed off the slag fill area did contain a low percentage of 
slag particles. 

Fine sediment was found at most stations, but it occurred in highest percentage to the 
southeast of the smelter (Figure 3-32). Inshore sampling stations on transects 17 through 
19 showed the highest percent fine material of all stations sampled. Visual observation 
of the larger particle sizes within the "fine" material category showed a low percentage 
of slag particles. 
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In summary, the sediments off shore from the Asarco site display a wide range of 
physical characteristics. The range goes from sub-areas of predominantly gravel and slag 
to sub-areas of predominantly fine material. The physical characteristics of the sediment 
have a strong influence on the type of biota present in the sediment. Additionally, the 
slag particles themselves are unique in their configuration, which includes many crevices 
and smaU holes. These features also increase the overaU surface area of the slag which 
in turn also effects the type of biota that are present. 

3.7.2 PHYSICAL CHARACTERISTICS OF CORE SAMPLES 

The physical characteristics of marine sediment core samples are Usted in Table 3-3. 
The physical characteristics of each sample and the water depth were recorded when 
the samples were collected. The percent coarse fragments represent the amount of 
gravel (grain size >2.0 mm) in a sample after it was dried and weighed in the 
laboratory. 

3.7.2.1 Station lOA Core 

The sediment core at station lOA was primarily silt in the upper 0.5 m, had green-black 
color with a slight hydrogen sulfide (rotten egg) odor, and contained some wood chips 
and shells. The percentage of coarse fragments decreased with increasing depth. A light 
gray colored gravelly sand was found between 0.7 and 0.8 m. 

3.7.2.2 Station 10-1 Core 

The station 10-1 core was gravelly sand in the upper 0.5 m and a brown colored fine 
sand with clay below 1.0 m. The upper 0.5 m was tan/gray to gray/black in color, had 
no odor, and consisted of approximately one-third gravel. Shells were observed in the 
upper 0.3 m of the sediment core. 

3.7.2.3 Station 7-2 Core 

The sediment core at station 7-2 represents the substrate offshore from the slag peninsula 
created during the construction of the Tacoma Yacht Club. The station 7-2 core was 
uniformly black sand-sized slag particles from 0.02 to 0.9 m depth. The upper 2 cm 
were a brown/black sandy silt with only four percent coarse fragments. The sediment 
below 1 m depth was dark gray silty sand. 

3.7.2.4 Station 13-2.5 

The upper 0.3 m of sediment at station 13-2.5 was black/gray colored sand having a 
slight petroleum odor. The sand layer was underlain with gray colored clayey silty gravel 
that had up to 72 percent coarse fragments. 
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Table S-3. Physical characteristics of marine sediment core samples. 

Sample I.D. 

lOA-01 
lOA-12 
lOA-23 
lOA-34 
lOA-lS 

lOA-78 
1(W1 
10-12 
10-23 
10-34 
10^5 
10-230 
10-1015 
7-2-01 
7-2-12 
7-2-23 
7-2-34 
7-2.45 
7-2-910B 

7-2-1015 
Tl 3-2.5-01 

Tl 3-2.5-12 
Tl 3-2.5-23 

Tl 3-2.5-34 
T13-2J^5 
T13-2.5-910 
16*01 

16-0-12 

16-0-23 
16-0-34 
16-0-45 
16-0-1012 
2-01 
2-12 
2-23 
2-34 
2.45 

2-78 
2-120 

Sediment 
Depth (m) 

0.0-0.1 
0.1-0.2 
0.2-OJ 
0.3-0.4 
0.4-OJ 

0.7-0.8 
0.0-0.1 
0.1-0.2 
0.2-03 
0.5^.4 
0.4-O.5 
0.15-O.3 
1.0-1.5 
0.0-0.1 
0.1.O.2 
0.2-0.3 
0.3-0.4 
0.4-0.5 
0.9-1.0 

1.0-1.2 
0.0-0.1 

0.1-0.2 
0.2-0.3 

0.3-0.4 
0.4-OJ 
0.8-1.0 
O.O-O.l 

0.1-0.2 

0.2-OJ 
0.3-0.4 
0.4-0.5 
1.0-1.2 
0.0.0.1 
0.14).2 
0.2-0.3 
0.3.0.4 
0.4-0.5 

0.7-0.8 
0.1-0.2 

Water 
Depth (m) 

10 
10 
10 
10 
12 

12 
15 
15 
15 
15 
15 
15 
15 
24 
24 
24 
24 
24 
21 

21 
17 

17 
17 

17 
17 
17 
18 

18 

18 
18 
18 
18 
28 
28 
28 
28 
28 

28 
28 

Sediment 
Principal 

silt 
silt 
silt 
silt 
silt 

sand 
coarse 
coarse 
coarse 

sand 
sand 
sand 

medium sand 
medium sand 
coarse sand 
fine sand 
silt 
sand 
sand 
sand 
sand 
sand 

fme sand 
sand 

sand 
sand 

gravel 
gravel 
gravel 
silt 

sand 

sand 
sand 
sand 
silt 
silt 
silt 
silt 
sand 
sand 

clay 
silt 

Type 
Secondary 

silt 
silt 
silt 
sand 
sand 

gravel 
gravel 
gravel 
gravel 
gravel 
gravel 
gravel 
clay 
sand 
sand 
sand 
sand 
sand 
silt 

silt 
sand 

sand 
gravel 

silt 
clay 
sand 
sand 

silt 

gravel 
sand 
silt 
sand 
sand 
clay 
sand 
gravel 
sand 

gravel 
clay 

Ctolor 

black/green 
biaclc/green 
black/green 
black/green 
black 

light gray 
gray/black 
gray/black 
gray 
tan/gray 
tan/gray 
gray/black 
tan 
brown/black 
black 
black 
black 
black 
black/gray 

dark gray 
black/gray 

black/giay 
black/gray 

gray 
gray 
gray/brown 
black/brown 

black 

black 
black/gray 
gray/black 
gray 
black/gray 
black/gray 
black 
gray/black 
black 

gray 
black/gray 

Odor 

slight HjS 
slight HjS 
slight H2S 
none 
moderate 

HjS 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
slight 

petroleum 
none 
slight 

petroleum 
none 
slight 

petroleum 
none 
none 
none 
slight 

petroleum 
slight 

petroleum 
none 
strong HjS 
slight H2S 
none 
none 
none 
none 
none 
slight 

petroleum 
none 
none 

Debris 

wood/shells 
wood/shells 
wood/shells 
wood/shells 
shells 

shells 
shells/metal 
shells 
shelU 
none 
none 
shells 
none 
none 
none 
none 
none 
none 
none 

none 
shells 

shells 
shells/wood 

shells 
shells 
none 
wood 

none 

none 
wood 
shells 
wood 
shells 
shells 
shells 
shells 
shells 

none 
shells 

Coarse 
Fragments (%) 

22.7 
18.8 
18.8 
12.8 
4.9 

10.2 
35.1 
395 
40.3 
31.8 
6.7 

33.8 
143 
4.3 

16.0 
23.6 
31.4 
36.4 
29.9 

11.8 
13.3 

19.3 
32.3 

72.4 
54.8 
35.7 
16.3 

8.7 

49,3 
45.8 
12.9 
24.9 
15.6 
9.5 

12.3 
39.4 
13.4 

68.0 
169 
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3.7.2.5 Station 16-0 

The sediment core at station 16-0 was black sandy sUt in the upper 0.2 m and had a 
faint petroleum odor. The gray/black colored sand found between 0.3 and 0.5 m depth 
had a hydrogen sulfide odor. The sediment from 0.6 to 0.7 m depth was an odorless 
gray silty sand that contained shells. Below 1.0 m depth the sediment contained clay. 

3.7.2.6 Station 2-1 

The upper 0.3 m of sediment at station 2-1 was a grayish black sandy silt. Light gray 
colored clayey gravel was observed below 0.7 m depth. 
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4.0 NATURE AND EXTENT OF CONTAMINATION 

4.1 AIR QUALITY 

As mentioned in Section 2.4, 22 soil samples were collected for dust analysis. These 
dusts were separated into three particle fractions and chemical concentrations measured 
for each fraction. The goal in analyzing the individual particle fractions for inorganic 
species was to determine if there was a significant difference between the inorganic 
concentrations of the three particle sizes. This is important from an air pollution 
modeling standpoint because if the inorganic concentrations between the different particle 
sizes are different, then the modeling for off-site particle migration becomes more 
complex. Conversely, if there is no significant difference between the concentrations of 
the different particle sizes, the particle emissions are assumed valid for the total particle 
distribution on-site. 

The differences in the inorganic concentrations were estimated between the fine and 
coarse particle fractions, the fine and total particle fractions, and the coarse and total 
particle fractions. 

• fine particles, 0-2.5 n in diameter 
• coarse particles, 2.5-10.0 n in diameter 
• total particles, 0-30.0 n in diameter. 

The differences were statistically "estimated" because the true population means are 
unknown. To estimate the concentration differences between two populations, a 
confidence interval with the following format is normally used. 

• Point estimate ±_ (interval coefficient)'(standard error of the estimate) 

In the case of the Asarco dust sample analyzed by NEA, Inc., the point estimate is the 
difference between the average concentrations of an inorganic specie between two 
different particle classes. For example, the average concentrations of chromium in the 
fine and coarse particle fractions of the 22 samples is 0.0628 percent and 0.063 percent, 
respectively. Therefore, the point estimate of the difference between the chromium 
concentrations of the two populations is 0.0002 percent. 

The interval coefficient is the number of standard errors on either side of the population 
mean necessary to include a percentage of the possible sample means equal to the 
confidence level. It is a t-value from the "Student t distribution" with the appropriate 
degrees of freedom equal to n, + HJ - 2 = 42. The standard error of the estimate is 
the square root of a weighted average of the sample variances multiplied by the square 
root of a weighted average of the population sizes. The populations were assumed to 
be randomly distributed, to be independent, and to have equal standard deviations. 
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At the 95-percent confidence limit, the true differences between the inorganic 
concentrations of the three particle classes were estimated. The confidence intervals are 
listed in Table 4-1. Since a high degree of confidence was used for the analysis (that 
is, we are almost certain the interval contains the true mean difference) and the intervals 
aU contain zero, there is no basis for concluding that concentrations of inorganic species 
vary significantly between the different classes of particles at the 95-percent confidence 
limit. 

The analytical procedures used by NEA to analyze the surface dust samples appear to 
be acceptable. The analyses of the reference standards was within acceptable limits. 
Maximum deviations of the reference sample cannot exceed 5 percent of the true value. 
During the period when the Asarco samples were being analyzed, the maximum percent 
deviation of the reference standard was only 3 percent. 

The statistical comparison of the concentrations of inorganic species in the three particle 
classes indicated there was no statistical difference in the concentrations of any species 
at the 95-percent confidence limit. Reductions in the confidence interval did reveal 
differences in some species; however, it is uncommon for conclusions to be drawn from 
confidence intervals less than 95 percent. 

42 SURFACE WATER 

4.2.1 CONVENTIONAL MEASUREMENTS 

The conventional parameters (measurements) investigated include temperature, pH, 
conductivity, and total suspended solids. Hourly measurements of temperature, pH, and 
conductivity are tabulated in Surface Water Field Data (Volume 2, Appendix H -
Surface Water). Total suspended solids results are tabulated in Surface Water Metals 
Data (Volume 2, Appendix H), 

Water temperatures varied with air temperature. Generally, water temperatures were 
about 10°C during Events 1 and 2 and about 13°C during Event 3. Water temperatures 
at SW-7 were elevated above 20°C during periods of low flow. Steam was observed 
coming out of the manhole at SW-7. This was because boiler steam condensate was 
discharged into the drainage line above SW-7. The boiler has been shut down. 

Generally, pH ranged from 6 to 10 in the surface water. Samples of lowest pH were 
collected at SW-12 and SW-11, which drain the acid plant and SOj plant areas. Samples 
of highest pH were collected during periods of low flow at SW-7, indicating that the 
cooling water discharge is alkaline. 

Conductivity varies with the concentration and type of dissolved ions in water. There was 
a trend at most stations for conductivity to increase as flow decreased. Thus, there was 
a higher concentration of dissolved ions during periods of low flow. 
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Table 4-1. Estimated differences in concentrations of inorganic species between 
different particle sizes at the 95 percent confidence limit. 

Fine Particles Versus Coarse Particles 

Compound 

Chromium 
Nickel 
Copper 
Zinc 
Arsenic 
Selenium 
Silver 
Cadmium 
Antimony 
Mercury 
Lead 

(CR) 
(NI) 
(CU) 
(ZN) 
(AS) 
(SE) 
(AG) 
(CD) 
(SB) 
(HG) 
(PB) 

Pt. Estimate 

-0.0003 +-
0.0160 +-
0.1585 +-
0.1147 +-

-0.3260 +-
0.0??5 +-
0.0054 +-

-0.0111 +-
0.0949 +-
0.1092 +-
1.1053 +-

Fine Particles Versus Total Particles 
Chromium 
Nickel 
Copper 
Zinc 
Arsenic 
Selenium 
Silver 
Cadmium 
Antimony 
Mercury 
Lead 

(CR) 
(NI) 
(CU) 
(ZN) 
(AS) 
(SE) 
(AG) 
(CD) 
(SB) 
(HG) 
(PB) 

0.0030 +-
0.0212 +-
0.1967 +-
0.1030 +-

-1.3975 +-
0.0275 +-
0.0116 +-
0.0143 +-
0.2343 +-
0.1495 +-
1.0363 +-

Coarse Particles Versus Coarse Particles 
Chromium 
Nickel 
Copper 
Zinc 
Arsenic 
Selenium 
Silver 
Cadmiimi 
Antimony 
Mercury 
Lead 

(CR) 
(NI) 
(CU) 
(ZN) 
(AS) 
(SE) 
(AG) 
(CD) 
(SB) 
(HG) 
(PB) 

0.0032 +-
0.0052 +-
0.0382 +-

-0.0116 +-
-1.0715 +-
0.0050 +-
0.0062 +-
0.0255 +-
0.1394 +-
0.0403 +-

-0.0690 +-

(Int. Coeff)x 
(Std. Error) 

0.0215 
0.0386 
1.8105 
0.1530 
3.9641 
0.0709 
0.0425 
0.0361 
0.4164 
0.3433 
1.1295 

0.0193 
0.0381 
1.8092 
0.1646 
5.2685 
0.0712 
0.0406 
0.0231 
0.4076 
0.3349 
1.1752 

0.0213 
0.0308 
1.9109 
0.1371 
5.7039 
0.0604 
0.0411 
0.0331 
0.3465 
0.2479 
0.7190 

Estimated Difference 
in Concentrations (%) 

-0.0217 - > 
-0.0226 — > 
-1.6521 ~ > 
-0.0383 — > 
-4.2901 — > 
-0.0484 — > 
-0.0371 — > 
-0.0473 — > 
-0.3215 ™> 
-0.2340 - > 
-0.0242 ~ > 

-0.0163 — > 
-0.0169 — > 
-1.6125 — > 
-0.0615 — > 
-6.6660 - > 
-0.0437 - > 
-0.0290 — > 
-0.0088 - > 
-0.1733 - > 
-0.1854 — > 
-0.1389 - > 

-0.0181 — > 
-0.0255 - > 
-1.8727 ~ > 
-0.1488 — > 
-6.7754 ~ > 
-0.0554 ™> 
-0.0349 — > 
-0.0076 ™> 
-0.2071 ™> 
-0.2076 — > 
-0.7880 ™> 

0.0212 
0.0546 
1.9690 
0.2677 -
3.6381 
0.0934 
0.0479 
0.0250 
0.5113 
0.4525 
2.2348 

0.0773 
0.0593 
2.0059 
0.2676 
3.8710 
0.0988 
0.0522 
0.0375 
0.6419 
0.4844 
2.2115 

0.0245 
0.0360 
1.9491 
0.1255 
4.6325 
0.0655 
0.0472 
0.0585 
0.4859 
0.2882 
0.6499 
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Conductivity ranged from a low of 14 umhos/cm at SW-6 to a high of 80,000 umhos/cm 
at SW-11 (marine water intrusion). Conductivity at SW-5, SW-6, and SW-8 was always 
less than 100 umhos/cm. These stations collect water from paved surfaces. Generally, 
conductivity at SW-1, SW-2, SW-4, SW-7, and SW-9 ranged from 100 to 200 umhos/cm. 
SW-1 and SW-2 are background residential runoff stations. Typically, conductivity at SW-
3, SW-10, SW-12, and SW-13 ranged from 200 to 300 umhos/cm. These stations collect 
nmoff and seepage from the stack area. Conductivity at SW-11 (south outfall) was 
usually greater than 300 umhos/cm, even when it wasn't affected by high tide. 
Conductivity at the seep stations, SP-1 through SP-5, was usually greater than 600 
umhos/cm. Conductivity was less than 200 umhos/cm at secondary outfalls A, B, and 
D, but greater than 300 umhos/cm at secondary outfall C. 

Mean concentrations of total suspended solids (TSS) for all three events are graphically 
presented in Figure 4-1. Stations in the middle outfall catchment basin all had relatively 
high TSS concentrations (> 60 ppm). TSS gradually increased from 63 ppm at SW-2, to 
81 ppm at SW-4, and to 91 ppm at SW-10. 

The background and outfall TSS concentrations were less in the south outfall than the 
middle outfall catchment basin. TSS decreased slightly from 26 ppm at SW-1 to 20 ppm 
at SW-13, and then increased to 58 ppm at SW-12 and to 63 ppm at SW-11. This 
indicates some settling of solids between SW-1 and SW-13, and a large solids source 
between SW-13 and SW-12. 

The mean TSS concentration at the north outfall (SW-9) was only 24 ppm, which is 
much less than the other outfalls. TSS concentrations at SW-7 and SW-8 were the 
highest of all primary stations (greater than 125 ppm). And the mean TSS concentration 
at SW-6 was the lowest of the primary stations (19 ppm). 

Mean TSS concentrations at the secondary outfalls were relatively low and ranged from 
5 to 33 ppm. Mean TSS concentrations at the seeps ranged from 3 to 71 ppm. High 
TSS concentrations at the seeps were due to disturbance of sediment during Event 1 
sample collection. 

4.2.2 METALS 

All of the metals results are tabulated in Surface Water Metals Data (Volume 2, 
Appendix H). The flow-proportional mean metal concentrations at the primary stations 
were averaged arithmetically for the three sampling events. The grab sample metal 
concentrations from the secondary outfalls and seeps were also averaged arithmetically 
for the three sampling events. The detection limit was used for averaging when a metal 
was not detected in the sample. These mean concentrations are presented graphically 
for each metal (total and dissolved) in Figures 4-1 through 4-9. Metal concentrations at 
SW-8 and SP-3 are for only one grab sample. Total metal concentrations at SP-6 are 
for two samples from one sampling event. Dissolved metal concentrations were not 
determined at SP-6. 
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The concentrations presented in Figures 4-1 through 4-9 are grouped by catchment 
basins. For the middle and south outfalls, they are presented in the order they are 
located in the-basin.- Stations SW-6, SW-7, and SW-8 are part of the city outfall _basin, 
but are presented with the north outfall. The secondary outfalls and seeps are grouped 
separately. See Figure 2-4 for station locations. 

The mean concentrations of total metals at the three primary outfalls are compared to 
-marine chronic-criteria (USEPA 1986b) in Table 4-2. This table also presents the ratio 
of mean outfall concentrations to criteria concentrations. These ratios are equal to the 
average minimum amount of outfall dilution required to meet water quality criteria 
dueingt periods of rainfall. Copper has by far the highest ratios, which means it would 
require the most dilution for the outfalls to meet water quality criteria. Outfall dilution 
is discussed in Section 5.3.2. 

Annual loading estimates of total metals from the three primary outfalls are presented 
in Table 4-3. The average annual loading for the three sampling events was calculated 
by multiplying the mean metal concentration by the mean total flow at each outfall. 
Annual loading was then estimated by dividing this value by the average rainfall during 
each sampling event (0.15 inches) and multiplying by the 20-yr average annual rainfall 
at the City of Tacoma's Central Wastewater Treatment Plant (located near the smelter 
site), 37.33 inches per year from 1969 to 1988. 

Table 4-2. Marine chronic criteria and ratios of mean outfall concentrations of total metals to criteria. (The ratios of metal 
concentrations to marine chronic criteria are in parenthesis.) 

Marine chronic 
criteria^ 

Middle outfall 

South outfaU 

North outfall 

Antimony 

1,600 

40 
(< l : l ) 

98 
(< l : l ) 

308 
(< l : l ) 

Arsenic 

36 

2,767 
(77:1) 

4,797 
(133:1) 

884 
(25:1) 

Cadmium 

9.3 

97 
(10:1) 

219 
(24:1) 

10 
(1:1) 

Copper 

2.9 

5,557 
(1,916:1) 

15,127 
(5,216:1) 

2^344 
(808:1) 

Lead 

5.6 

292 
(52:1) 

516 
(92:1) 

646 
(115:1) 

Mercury 

0.025 

2.000 
(80:1) 

4.050 
(162:1) 

0.650 
(26:1) 

Nickel 

13 

50 
(4:1) 

23 
(9:1) 

87 
(7:1) 

Zinc 

58 

2,803 
(48:1) 

12,737 
(220:1) 

373 
(6:1) 

All values are from USEPA 1986b. The antimony value is a fresh water chronic criterion l>ecause there is no marine criteria for 
antimony. 

Table 4-3. Annual loading estimates of total metals from the three primary outfalls in grams per year. 

Middle outfall 

South outfall 

North outfall 

Total 

Antimony 

\ S 

0.6 

04 

ZS 

Arsenic 

105 

29 

1 

135 

Cadmium 

3.7 

U 

M 
5.0 

Copper 

211 

91 

_ 3 

305 

Lead 

11.1 

3.1 

J S 

15.1 

Mercury 

0.076 

0.024 

0.001 

0.101 

Nickel 

1.9 

0.7 

M 
2.7 

Zinc 

106 

76 

__1 

183 
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The annual loading estimates should be viewed with caution because of various 
enviroimiental factors. These factors include the quantity, intensity, duration, and weather 
conditions preceding a rainfall event, as well as tidal conditions. The three rainfall 
events sampled for the surface water investigations were relatively low in quantity and 
intensity. Larger and more intense storms would likely generate surface water flows that 
would carry proportionately more sediment and metals associated with that sediment. 
This increase in surface water would effectively increase the metals concentration. Also, 
two of the three events were sampled during an ebb tide when initial flows contained 
backed-up water. In summary, the sampling of small rainfall events may have 
imderestimated the mean metal concentrations, while the sampling of two ebb tides may 
have overestimated mean flows. These errors would have opposing effects on loading 
estimates. 

4.2.2.1 Antimony 

Antimony was rarely detected in the middle and south outfall basins. Elevated 
concentrations of total antimony (>0.1 ppm) were observed at SW-7, SW-8, SW-9 (north 
outfall), and secondary outfalls B and D (Figure 4-2). Most of the antimony in the 
north outfall was dissolved. 

The mean concentration of total antimony was less than the fresh water chronic criteria 
at the primary outfall stations (Table 4-2), and all other surface water stations. The 
annual loading estimate for antimony from the three outfalls was 2.5 g/yr (Table 4-3). 

4.2.2.2 Arsenic 

Arsenic was detected in every surface water sample. The mean concentration of total 
and dissolved arsenic increased dramatically from SW-4 to the middle outfall (Figure 
4-3). An even more dramatic increase was observed from SW-13 to the south outfall. 
Because the flows do not increase much between these stations, there must be a very 
large source of arsenic in Asarco's central plant area. This source of arsenic is in both 
a dissolved and particulate state. The arsenic source could be highly contaminated 
runoff, groundwater, or pipe sediment. 

Runoff generated on the Asarco plant was monitored at Stations SW-7, SW-8, SW-9, and 
the secondary outfalls. While the arsenic concentration was elevated above background 
(SW-1 and SW-2) at these stations, it was still less than levels in the middle and south 
outfall. However, these stations are not located in the central plant area where there 
could be a large source of arsenic contributing to elevated arsenic levels in site runoff. 

A very high concentration of total arsenic was observed in a turmel seep sample (1530 
ppm). This high concentration is evidence groundwater is a source of arsenic to the 
middle and south outfalls. The possible mechanisms for groundwater contamination of 
surface runoff is discussed in Section 5.1.2. 
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Another source for the elevated arsenic levels at the outfalls is the mobilization of 
sediment that has collected in the drainage pipes over the years of plant operation. The 
pipes have a slight slope, which allows for sediment accimiulation during periods of low 
flow. The accumulated sediment is then flushed out of the pipes during periods of high 
flow. However, this flushing would elevate the particulate arsenic levels, but would not 
account for the elevated dissolved arsenic levels. 

Higher arsenic concentrations were observed at seeps 3, 4, and 5 than at seeps 1 and 2. 
This can be explained by the location of the seeps. Seeps 3, 4, and 5 are located down 
the hill from the stack area, while seeps 1 and 2 are located on the slope of a hill 
southeast of the stack area. The high concentration of total arsenic at SP-5 was a result 
of the sample from Event 1 that disturbed the soil in the seep hole. However, the seeps 
do not appear to elevate the arsenic concentration in the drainage chaimel they flow into. 
In fact, the total arsenic concentration decreased along the drainage channel from SW-
1 to SW-13. This decrease was likely due to sedimentation of particulate arsenic in the 
drainage chaimel. 

The mean concentration of total arsenic at the primary outfalls was 25 to 133 times the 
marine chronic criterion (Table 4-2). The marine chronic criterion was exceeded in all 
surface water samples. The annual loading of arsenic from the primary outfalls was 
estimated at 135 g/yr (Table 4-3). Approximately 80 percent of that load was from the 
middle outfall. 

4.2.2.3 Cadmium 

Cadmium concentrations had similar trends to that discussed for arsenic. However, the 
increase in cadmium concentration from SW-4 to the middle outfall and from SW-13io-
the south outfall was even more dramatic than that observed for arsenic (Figure 4-4). 
Nearly all of the cadmium in the middle and south outfall was dissolved in the water. 

The mean concentration of cadmium at the primary outfalls was 1 to 24 times the 
marine chronic criterion (Table 4-2). The background cadmium concentration at SW-1 
and SW-2 was consistently less than the marine chronic criterion. The annual loading 
of cadmium from the three primary outfalls was estimated at 5 g/yr (Table 4-3). 

4.2.2.4 Copper 

Copper concentrations presented in Figure 4-5 are in nearly the same pattern as arsenic 
-concentrations. Thus, the trends discussed for arsenic apply to copper. _ 

The copper concentration in nearly all surface water samples exceeded marine chronic 
criteria. The total copper concentration at the primaiy outfall stations was 808 to 5,216 
times the marine chronic criterion (Table 4-2). This increase above marine chronic 
criterion far exceeds that of any other metal. The annual load of copper was estimated 
to be 305 g/yr, with two-thirds of the total from the middle outfall and one-third of the 
total from the south outfall (Table 4-3). 
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4.2.2.5 Lead 

Total lead concentrations also increased from SW-4 to the middle outfall and from SW-
13 to the south outfall (Figure 4-6). However, the magnitude of the increase was much 
less than for most other metals. Also, nearly all of the lead in the surface water samples 
was particulate lead associated with sediment. Lead concentrations in the north outfall 
and secondary outfalls were generally higher than in the middle and south outfalls. 
This suggests a predominant source of lead in Asarco plant runoff. 

The total lead concentration of nearly all surface water samples exceeded marine chronic 
criteria. Mean lead concentrations at the primary outfalls were 52 to 115 times the 
marine chronic criteria (Table 4-2). The outfall loading estimate for lead was 15 g/yr. 

4.2.2.6 Mercury 

Total mercury concentrations had a similar pattern to arsenic concentrations (Figure 4-
7). Like lead, however, most of the mercury was associated with suspended sediment. 

Total mercury was not detected in many of the surface water samples, while dissolved 
mercury was rarely detected. Because the detection limit was 20 times the marine 
chronic criterion, the ratios estimates in Table 4-2 may be high. The annual loading 
of mercury at the primary outfalls was estimated at 0.1 g/yr. 

4.2.2.7 Nickel 

Nickel was rarely detected at stations located upgradient of Asarco's central plant area 
(Figure 4-8). Elevated concentrations of nickel were observed at the primary and 
secondary outfalls. Most of the total nickel was dissolved and not associated with 
suspended sediment. 

The ratio of nickel concentrations to marine chronic criteria at the primary outfalls is less 
than 10 (Table 4-2). The annual loading estimate for nickel at the primary outfalls is 
2.7 g/yr (Table 4-3). 

4.2.2.8 Zinc 

Zinc concentrations presented in Figure 4-9 follow the same pattern described for arsenic. 
The increase in zinc concentration from SW-4 to the middle outfall and from SW-13 to 
the south outfall was even more significant than that observed for arsenic. Like 
cadmium, most of the zinc at the middle and south outfalls was dissolved in the water. 

The mean concentration of zinc at the primary outfalls was 6 to 220 times the marine 
chronic criterion (Table 4-2). Nearly all of the surface water samples had a total zinc 
concentration that exceeds the marine chronic criterion. Samples from SW-13 and seeps 
1 through 4 were exceptions. The annual zinc load at the primary outfalls is estimated 
at 183 g/yr (Table 4-3). 
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4.2.3 ORGANICS 

Surface water organics results are tabulated in Volume 2, Appendix H. The only 
organics detected in the surface water samples were phthalate esters. Bis(2-ethylhexyl) 
phthalate was detected at secondary outfall A (110 ppb), secondary outfall C (20 ppb), 
and SW-5 (20 ppb). Di-n-butyl phthalate was detected at secondary outfall C (30 ppb). 

43 SURFACE SOIL 

A total of 99 surface soils samples were collected during two rounds of field 
investigation. Laboratory results for all analytical parameters for each sampling station 
are shown in Volume 2 - Technical Data. Additional surface soil samples were collected 
by Hart Crowser during the installation of monitoring wells. These samples are referred 
to in this section as "MW." MW-l-S-1 corresponds to the surface soil sample collected 
from the location of MW-1. Detailed tables listing all data for each sampling station are 
included in Volume 2 - Technical Data as Tables I-l through 1-4. For Tables 1-3 and 
1-4, the results of QA/QC samples such as matrix spikes and duplicates are shown in 
addition to soil sample results. These are discussed in Volume 3 - Data Validation 
Reports (Appendix P). For purposes of this discussion, only data that passed QA/QC 
review are discussed. 

Concentration gradient isopleths of total metals were generated for three sampling areas. 
Figure 4-10 shows the locations of all surface soil sampling stations, and the areas for 
which gradient isopleths were generated. The isopleth figures were generated by th4e 
software program SURFER (Golden Software 1987), and were plotted for the Site 
Stabilizatioon and CooHng Pond Areas combined, the Administrative Area and the Off-
Site Area. Selected isopleth figures are included as Figures 4-11 through 4-20. All of 
the surfer figures generated are included in Appendbc G - Concentration Gradient 
Isopleths for Surficial Soils Samples. 

4.3.1 TOTAL METALS ANALYSIS 

In general, the highest concentrations of metals were found in the Site Stabilization and 
Cooling Pond Area near the former arsenic plant, arsenic kitchens, cottrells, and godfrey 
roasters (see Figure 1-2 for locations). No samples were designated as "background 
samples" because there is virtually no native soil left in the plant vicinity. Of the fill 
material and.slag that could be sampled in the vicinity, all that was sampled appeared 
to be influenced by contamination from the site. Other studies indicate that background 
levels of arsenic and cadmium in Regional Puget Sound soils is estimated at 140 ppm 
and 0.6 ppm, respectively (Lowry et al.). Using these background figures, all but two 
samples (MW-13-S-1 and SS-67) exceeded background levels for arsenic. All but two 
samples (MW-13-S1 and SS-67) exceeded these background levels for cadmium. 
Concentration gradients for individual metals in the Site Stabilization and Cooling Pond 
Area generated a wide variety of patterns. 

The concentration gradients were similar for most metals analyzed in the Administrative 
Area exhibited a pattern. In the Administrative Area, concentrations were highest near 
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the boimdary of the Site Stabilization Area, decreased to the north, and increased again 
near the northwest comer of the Administrative Sampling Area. The concentration 
gradients for metals in the off-site area generated a number of gradients, indicating 
several areas that have isolated high levels or concentrations that are elevated relative 
to surroimding areas. Because the isopleths were so varied, none of the off-site figures 
were included in this section. 

The highest level of arsenic analyzed was 262,250 ppm, adjacent to the former arsenic 
plant (SS-2). An isopleth representation of the concentrations of arsenic found in the 
surficial soil samples in the Site Stabilization and Cooling Pond Area is included as 
Figure 4-11. Arsenic concentrations varied in the Site Stabilization and Cooling Pond 
Area. In general, concentrations were lower near the stack and increased down the 
hillside to the northwest towards Station SS-2, where the highest level was measured. 
Other high levels of arsenic (20,000 - 33,225 ppm) were found near the godfrey roasters, 
arsenic Idtchens, and metallic arsenic plant. 

See Figure 4-12 for the arsenic concentrations isopleth in the Administrative Area. The 
lowest level, 11 ppm, was found in the borehole at monitoring well MW-13, MW-13-S-
1. Arsenic concentrations measured in samples collected in the Off-Site Area during 
Round 2 had higher levels of arsenic than on-site samples collected from the 
Administrative Area during Round 1. 

Concentrations of cadmium across the Site Stabilization and Cooling Pond Area exhibited 
a similar distribution to arsetiic (see Figure 4-13). The highest concentration was 498 
ppm found at SS-16, just northwest of the arsenic kitchens. The cadmium concentra­
tions found across all sampling stations ranged from 0.48 ppm to 498 ppm. See Figure 
4-14 for the cadmium concentration isopleth in the Administrative Area. 

High chromium concentrations were found at a number of sites, including the arsenic 
plant area, the refinery areas, and the cooling pond. Since the concentrations of 
chromium were very scattered in these areas, the isopleth generated (Appendix G) was 
not a useful visual presentation of this data. The range of concentrations was 21 to 142 
ppm. 

Lead concentrations were highest in the cottrell area and northeast of the arsenic plant 
in the Site Stabilization and Cooling Pond Area. Lead concentrations were very 
scattered throughout the Site Stabilization and Cooling Pond Areas. See Figure 4-15 for 
the distribution of lead in the Administrative Area. The range of concentrations was 12 
to 22,600 ppm. 

Antimony concentrations were highest at SS-2, the same site where the highest arsenic 
concentrations were found. The range of concentrations was from undetected to 3350 
ppm. Many samples contained antimony concentrations below the detectable limit. 

Mercury concentrations were very scattered throughout the Site Stabilization and Cooling 
Pond Area, but highest in the area of the cottrells, arsenic plant, and related processing 
activities. The range of concentrations was 3.0 to 695 ppm. Figure 4-16 shows the 
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distribution of mercury in the Administrative Area. It appears that there are two areas 
of relatively high concentrations: (1) in the southwest and (2) northeast comers of the 
sampling area. 

Copper concentrations were highest in the cooling pond area and just north of the 
arsenic plant and boiler building (see Figures 4-17 and 4-18 for the distribution of copper 
across the Site Stabilization and Cooling Pond Area and the Administrative Area, 
respectively). The highest concentration of copper found on site was 341,250 ppm, in the 
Cooling Pond Area; in the arsenic plant area the highest level was 25,625 ppm. Sample 
SS2-04, collected from the bottom of the cooling pond, had a copper concentration of 
62,250 ppm. The lowest level was 41 ppm (MW-13-S-1). In the cooling pond area, total 
copper concentrations were much greater in samples collected from the periphery of the 
cooling pond in Round 1 than in samples collected from the bottom of the cooling pond 
in Round 2. 

Zinc concentrations were variable throughout the Site Stabilization and Cooling Pond 
Area, with the highest measured in SS-9A (14,800 ppm) and SS-9B (16,500 ppm), located 
between the godfrey roasters and the arsenic kitchen. The lowest level was 2.01 ppm 
(SS2-02). Figure 4-19 shows the distribution of zinc in the Administrative Area. 

The distribution of nickel concentrations is similar to that of zinc in both the Site 
Stabilization and Cooling Pond Area and the Administrative Area (see Figure 4-20). 
The highest concentrations (575 ppm and 500 ppm) were found at SS-58A and SS-58B, 
respectively. The lowest concentration was 15 ppm, found not far from SS-9, at SS-16 
between the arsenic kitchens and the storage bins. 

Silver concentrations were highest in the area of the cooUng pond: 495 ppm, 503 ppm, 
and 2075 ppm at SS-58A, SS-58B, and SS-59, respectively. The lowest concentration was 
1.3 ppm at SS-39. (Samples collected during the second round of surface soil sampling 
were not analyzed for silver.) 

Selenium concentrations were highest in the arsenic plant and cooling pond areas. The 
range of selenium concentrations was 9 to 274 ppm. (Round 2 samples were not 
analyzed for selenium.) 

Thallium concentrations were at or below the detection limits at all but 7 sampling 
stations. The highest concentrations were found in the Site Stabilization Area near the 
arsenic plant and the cottrells. TTie detected levels ranged from 13 to 43 ppm. (Round 
2 surface soil samples were not analyzed for thallium.) 

Barium concentrations were highest in the cooling pond area. The range of 
concentrations was 70 ppm to 1528 ppm. (Barium was not an analyte for Round 2 
samples.) 
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4.3.2 EP TOXICITY (EPTOX) TEST FOR METALS 

Results of the EPTox test for metals are presented in Volume 2, Appendix I - Surficial 
Soils. EPTox analysis of chromium and silver did not exceed the detection limit for 
any sampling stations. Arsenic concentrations were highest at SS-2, SS-20 and SS-27 (in 
the area of the arsenic plant). Mercury concentrations ranged from below the detection 
limit to 1.9 ppm. Cadmium concentrations were highest near the godfrey roasters (1.0 -
1.5 ppm). Lead concentrations were highest (1.3 - 1.6 ppm) in the cooling pond area. 
Selenium concentrations were highest in an area just north of the pipe treater (4.2 - 8.3 
ppm at SS-24, SS-25, SS-26). Barium levels were at or below detection limits for most 
of the sampling stations. The highest barium concentrations were found in the cooling 
pond area (1.0 ppm). The pH of samples ranged from 3.7 (near the arsenic kitchen, SS-
9B) to 8.6 (cottrell treater area, SS-34). Twenty-eight of 45 samples of soil from the 
area of site stabilization were RCRA regulated hazardous waste and designated 
dangerous wastes under WAC 173-303 on the basis of the zirsenic EPTox test. 

4.3.3 BASE NEUTRAL ORGANICS 

Complete analytical results for base neutral organics detected at each sampling station 
are shown in Volume 2 - Technical Data. See Figure 4-10 for location of sampling 
stations. In general, the highest concentrations of base neutral organics were found near 
the former arsenic plant, arsenic kitchens, cottrells, and godfrey roasters in the Site 
Stabilization Area. 

Of the base neutral organics of concem, only dichlorobenzene was not detected. 
Dibenzofurans were detected in the range of 450 to 7200 ppb. These concentrations 
were found in the cottrell area and adjacent to the arsenic plant. 

Phthalate esters were detected at four sampling stations. Bis (2-ethylhexyl) phthalate 
was detected at concentrations of 430 and 530 ppb at two sites. Dimethyl phthalate was 
detected at concentrations of 1520 and 430 at two different sites. 

Low molecular weight polycyclic aromatic hydrocarbons (LPAH) detected in the surficial 
soil samples included: acenaphthene, fluorene, naphthalene, phenanthrene, anthracene, 
and acenaphthylene. Phenanthrene was detected at the largest number of sampling 
stations, ranging from 490 to 265,000 ppb. The highest concentration was at SS-21, 
located along the flues just north of the treaters. Acenaphthylene was detected at only 
three sampling stations. The other low molecular weight LPAHs were detected at 10 to 
31 sampling stations each. 

High molecular weight PAHs (HPAHs) detected in the surficial soil samples included: 
benzo(a)pyrene, benzo(g,h,i)peryIene, chrysene, benzo(a)anthracene, benzo(b)fluoranthene, 
dibenzo(a,h)anthracene, fluoranthene, indeno(l,2,3-cd)pyrene, pyrene, and benzo(k)-
fluoranthene. Dibenzo(a,h)anthracene and benzo(k)fluoranthene were detected at only 
one sampling station each. The range of concentrations for all high molecular HPAHs 
was 430 to 277,000 ppb. The highest concentrations were as follows: 
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SS-21 72,000 ppb benzo(a)pyrene 
41,000 ppb benzo(g,h,i)perylene 

112,000 ppb chrysene 
108,000 ppb ben2o(a)fluoranthene 
60,000 ppb ben2o(b)fluoranthene 

169,000 ppb fluoranthene 
39,000 ppb indeno(l,2,3-cd)pyrene 

277,000 ppb pyrene 

SS-2 79,300 ppb pyrene 
39,700 ppb ben2o(b)fluoranthene 

Other base neutral organics were included in the analysis. Results are summarized 
below: 

2-methylnaphthalene 12 sampling stations 520-36,000 ppb 
3-nitroaiiiline 3 sampling stations 2,560-11,900 ppb 
2,6-dinitrotoluene 1 sampling station 610 ppb 
benzidine 1 sampling station 520 ppb 
isophorone 1 sampling station 560 ppb 
1,2,4-trichlorobenzene 1 sampling station 2,000 ppb 

4.3.4 ACID EXTRACTABLE ORGANICS 

Analytical results for acid extractable organics detected for each sampling station are 
shown in Volume 2 - Technical Data. See Figure 4-10 for the locations of the sampling 
stations. Of the acid extractable organics of concern, 2-methylphenol, 4-methylphenol, 
and l-methyl(2-methylethyl)benzene were not detected. Dibenzothiophene was detected 
at 9 stations, ranging from 0.5 to 1,400.0 ppb. Methylphenanthrenes were detected at 22 
sampling stations, ranging from 1.4 to 10,600 ppb, Biphenyls were detected at four 
sampling stations, ranging from 10 to 400 ppb. 

4.3.5 OTHER ANALYSES 

The results of surficial soils analyses for radiological parameters (uranium, radium-276, 
and gross alpha) are presented in Volume 2 - Technical Data. Gross alpha results 
ranged from below the detection limits to 13.0 pCi/g. Uranium concentrations ranged 
from undetected to 2.36 ;^g/g. Radium-226 levels ranged from undetected to 7.02 pCi/g. 

Dimethylaniline was not detected at any sampling stations. The pH values for soil 
samples at each station are included in Volume 2 - Technical Data. The range detected 
was 3.7 to 8.6. 
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PCBs were deteaed at nine sampling stations (see Volume 2 - Technical Data for PCB 
results). The detected PCB concentrations ranged from 1,000 ppb to 4,720 ppb. These 
concentrations were detected at the following station: 

SS-10, SS-20, SS-31B, SS-32, SS-33, SS-38, SS-43 and SS-MW4-S-1. 

4.3.6 ARSENIC WITH DEPTH 

Seven surface soil samples collected during Round 2 of the field investigation were 
analyzed for arsenic at three depths: 3 to 4 inches, 6 to 7 inches and 11 to 12 inches. 
Sample SS2-05, collected from the bottom of the cooling pond, shows an increase with 
depth in arsenic concentration from 182 ppm to 3,025 ppm. The remaining samples that 
were collected were from off-site. Samples SS2-12 and SS2-18 show arsenic 
concentrations that remain relatively constant at all depths. The rest of the samples 
(SS2-06, 14, 21 and 24) show decreasing concentrations of arsenic with depth. 

4.4 SUBSURFACE SOIL AND SLAG 

4.4.1 SUMMARY OF NATURE AND EXTENT OF CONTAMINATION IN 
SUBSURFACE SOIL AND SLAG 

4.4.1.1 Total and EPTox Metal Results 

A total of 91 soil and slag samples were analyzed for total metals. EPTox metal analysis 
was performed on 67 soil and slag samples. A summary of results are presented in 
Appendbc J - Subsurface Soils. 

• Total arsenic, barium, chromium, copper, lead, nickel, and zinc were detected in 
all subsurface soil and slag samples. Total metal concentrations were generally 
much higher in slag than they were in granular fill. 

• Arsenic, cadmium, lead, copper, and zinc were the only EPTox metals detected 
in more than one soil or slag sample. Native soil samples typically contained 
much lower EPTox metal concentrations than slag or granular fill samples. 

• The highest average EPTox arsenic concentrations were detected in granular fill. 

• Slag EPTox results may be positively biased due to the crushing of slag samples 
during drilling and sampling activities. 

• Granular fill and slag total and EPTox metal concentrations were extremely 
variable. 

• Total and EPTox metal concentrations do not appear to be correlated within a 
subsiuface soil or slag matrix. 

4-14 



4.4.1.2 Petroleum Occurrences 

Petroleum was detected in subsiu^ace soils and slag samples collected in the northeastem 
portion of the plant near the Fine Copper Casting Building, Petroleum was also detected 
in soils collected from MW-8. 

• Total petroleum hydrocarbons concentrations ranged from 150 to 5,700 ppm in 
samples collected from boring B-3A and monitoring wells B-14, B-33, B-36, MW-
8, and MW-9. The highest petroleum concentrations were detected in B-36. 

• Benzene and toluene were not detected in subsurface soils or slag. Ethylbenzene 
(55 ppb) and xylenes (110 ppb) were detected in B-36. 

• No PCBs were detected in soil or slag samples containing petroleum products. 

• Petroleum detected in subsurface samples appears to be a highly weathered 
mixture of diesel and bunker C fuel oils. 

4.4.1.3 Dimethylaniline Occurrences 

Dimethylaniline (DMA) was used in the production of liquid sulfur dioxide in the 
southeast portion of the Asarco facility. Approximately 50 soil and slag samples from 
various borings across the site were analyzed for DMA 

• DMA was detected only in soil or slag samples collected from B-36, B-37, and B-
16, which are near the DMA storage area. 

• DMA concentrations in B-37 ranged from not detected to 812 ppm. The 
concentration of DMA in B-16 (23 to 24.5 ft) was 4.9 ppm. 

4.4.2 INTRODUCTION 

To evaluate the quality of subsurface soil and slag, approximately 120 samples collected 
from borings shown on Figure 3-10 were submitted for chemical analysis. Samples 
collected in Phase I were analyzed for total metals, semivolatile organic compounds, total 
halogenated hydrocarbons, PCBs, and radiological parameters. 

Most samples collected in Phase II were analyzed for total and EPTox metals. Soil and 
slag samples collected in areas of petroleum contamination were typically analyzed for 
total petroleum hydrocarbons (TPH) and semivolatile organic compounds (including n,n-
dimethylaniline, 1-methyl (2-methylethyl) benzene, biphenyl, retene, dibenzothiophene, 
1-methylphenanthrene, 2-methylphenanthrene, and 1-methylpyrene). Selected samples 
suspected of containing high petroleum concentrations were also analyzed for volatile 
aromatic hydrocarbons (benzene, toluene, ethylbenzene, and xylenes), polychlorinated 
biphenyls (PCBs), and GC-FID fiiel fingerprinting. 

4-15 



Soil and slag samples collected near the dimethylaniline storage area at the south end 
of the facility were typically analyzed for semivolatile organic compounds. Subsurface soil 
and slag quality are summarized in Volume 2, Appendix J. Data validation results and 
analytical methods are discussed in Section 2.2 (Volume 3). 

4.4.3 INORGANICS 

Soil and slag samples were analyzed for total and EPTox metals, as well as several 
radiological parameters. Alpha particles, uranium, and radium-226 were detected in both 
soil and slag samples. Alpha particle and radium-226 levels ranged from not detected 
to 4.6 pCi/g. Uranium concentrations ranged from not detected to 2.11 ;^g/g. 
Radiological data is summarized in Appendix J. Total and EPTox metal results are 
discussed in the following seaions. 

4.4.3.1 Total Metals Results 

Total and EPTox metal sample results for all soil and slag samples are summarized in 
Table F-3 in Appendbc F - Technical Data Summaries. Metal results for slag, granular 
fill, and native soils are summarized in Tables F-4 through F-6. Subsurface soil 
characteristics and distribution are discussed in Section 3.5.2. In order to calculate the 
mean of total and EPTox metal concentrations, detection limits were used as values for 
metal results reported as not detected. The upper 95th percent quantile was calculated 
assuming a "t" distribution for metal concentrations. 

All 13 of the metals analyzed for total analysis were detected in at least 14 soil or slag 
samples. Arsenic, barium, chromium, copper, lead, nickel, and zinc were detected in all 
subsurface soil and slag samples. Total metal concentrations were generally higher in 
slag versus granular fill and native soil samples. The average total arsenic concentration 
for all slag samples was 4,837 ppm. Average total arsenic concentrations in granular fill 
and native soils were 1,043 ppm and 33 ppm, respectively. However, the average 
concentration of cadmium in granular fill was higher than slag. Histograms showing 
metal frequency distributions for all samples and the three soil matrices are presented 
on Figures 4-21 through 4-26. 

4.4.3.2 EPTox Results 

Despite the elevated total metal concentrations in many of the subsurface soil and slag 
samples, only sbc of the ten metals analyzed for EPTox were detected in any of the 
samples. Mercury was detected in only one sample. EPTox results indicate that arsenic, 
cadmium, lead, copper, and zinc are the only metals analyzed that exhibit some degree 
of leachability (under the conditions of the test procedure) in Asarco subsurface soil and 
slag samples. As shown on Figures 4-27 through 4-32, most of the detected metal values 
were near the detection limit. EPTox arsenic was not detected in native soils. Native 
soils typically contained much lower EPTox concentrations than slag and granular fill. 
Lead, copper, and zinc average concentrations were highest in slag samples. The highest 
average arsenic and cadmium EPTox concentrations were detected in granular fill 
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samples. Average concentration values for subsurface soils and slag are presented in 
Appendbc F. 

EPTox concentrations in slag samples may be positively biased due to the drilling 
methods used for sample collection. In order to penetrate massive slag, ODEX drilling 
equipment crushed and pulverized the slag. Hollow-stem auger drilling also cmshed the 
slag samples. Crushing of slag provides fresh surfaces, which greatly increases metal 
leachability (CreceUus 1986). The importance of subsurface soil and slag EPTox 
concentrations in predicting leaching of trace metals into groundwater will be discussed 
in Section 4.6. 

4.4.3.3 Total and EPTox Metal Spatial Distribution 

Figures 4-33 through 4-44 present total and EPTox data for arsenic, copper, lead, and 
zinc at three selected depth ranges (0 to 10 ft, 10 to 25 ft, and >25 ft). Metals 
concentrations in the subsurface were extremely variable spatially and with depth. Both 
slag and soil samples exhibited a wide range of trace metal composition and leachability. 
Figures 4-33 through 4-44 illustrate and spatial variability of the subsurface metals data. 
For example, total arsenic concentrations in slag samples collected in the 0- to 10-ft 
depth interval ranged from 53 ppm at boring B-3A to 9,000 ppm at monitoring well B-36. 
B-3A and B-36 are approximately 150 ft apart. 

Metal concentrations in a given depth interval varied depending on the matrbc. Slag and 
granular fill metal concentrations were generally much higher than native soils. Total 
arsenic concentration in the 0- to 10-ft-depth interval at monitoring well B-23 ranged 
from 2,575 to 11,000 ppm. The arsenic concentration at the same depth interval in 
boring B-24 was 29 ppm. B-23 and B-24 are both located at the arsenic kitchen area 
and are less than 400 ft apart. Samples collected in B-23 were composed of granular 
fill whereas native soils were sampled in B-24. 

The highest metal concentrations in granular fill generally occurred in samples collected 
from B-23 (arsenic kitchen area), B-18 (south of stack), and B-29 (northeast corner of 
parking lot). Based on data produced by this work, the trace metal composition of 
granular fill is very heterogeneous. 

4.4.3.4 Total and EPTox Concentrations Vertical Distribution 

Vertical distributions of metal concentrations in subsurface slag and granular fill samples 
are summarized in Tables F-7 through F-12 (Appendix F - Technical Data Summaries). 
Based on data presented in these tables, total and EPTox concentrations generally appear 
to decrease with depth. However, there are exceptions to this trend. The relationship 
between sample depth and subsurface soil and slag metal concentrations were evaluated 
statistically using correlation matrices and linear regression. No significant correlation 
was observed ( r < 0.5). It does appear, however, that near-surface (0- to 10-ft-depth 
interval) slag and granular fill samples generally contain the highest total and EPTox 
metals concentrations. 
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4.4.3.5 pH of Soil and Slag 

Measurements for pH were conducted in the field by Asarco's Salt Lake City laboratory. 
Results are presented on the subsurface exploration logs in Appendix B. The pH of soils 
typically ranged from 5 to 9. Soil or slag samples collected in B-16 (0 to 5 ft), B-23 
(0 to 1.5 ft), MW-1A2 (0 to 10 ft), and MW-5 (61 to 62 ft) had pH values between 4 
and 5. 

4.4.3.6 Comparison of Total and EPTox Metal Concentrations 

Total metal and EPTox metal concentrations do not appear to be correlated. Although 
slag generally contains much higher total metal concentrations than gr^ular fill, their 
EPTox metal concentrations are relatively similar. In addition, higher total metal 
concentrations in soil and slag samples often do not result in higher EPTox 
concentrations. The relationship between total and EPTox metal concentrations was 
evaluated statistically using linear regression. 

Correlation coefficients (r^) were determined for arsenic, cadmium, copper, lead, and zinc 
for all soil and slag samples. The correlation between total and EPTox metal 
concentrations was also evaluated for granular fill and slag samples individually. 

Total versus EPTox metal correlation coefficients were typically below 0.5 for combined 
soil and slag samples, except copper which was 0.623. Correlation coefficients for slag 
samples were below 0.5, except for copper (0.53). Arsenic (0.847) and lead (0.675) 
correlation coefficients were above 0.5 in granular fill samples. However, these values 
for arsenic and lead are suspect due to the small data set and small number of 
detectable EPTox concentrations. Based on this statistical evaluation, it appears that 
there is little correlation between total and EPTox metal concentrations for soil or slag 
samples. 

4.4.4 ORGANICS 

Subsurface soil and slag samples collected during Phase I sampling were analyzed for 
semivolatile organic compounds, total halogenated hydrocarbons, and PCBs. 
Approximately 50 soil samples collected during Phase II sampling were analyzed for 
semivolatile organic compounds. Selected samples collected in areas of known petroleum 
occurrences were also analyzed for one or more of the following analyses: volatile 
aromatic compounds (BTEX), total petroleum hydrocarbons (TPH), PCBs, and GC-FID 
fuel fingerprinting. 

No semivolatile organic compounds were detected in Phase I samples except bis(2-
ethylhexyl)phthalate. Bis(2-ethylhexyl)phthalate concentrations ranged from not detected 
to 1.8 ppm. Bis(2-ethylhexyl)phthalate and/or di-n-butylphthalate were detected in sbc 
Phase n samples at concentrations ranging from 0.44 to 1.02 ppm. However, phthalate 
esters are commonly used as plasticizers and are often introduced to samples in the 
laboratory or from sampling equipment or containers. 
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Polynuclear aromatic hydrocarbons (PAH) were detected in Phase n samples collected 
from B-18 (0 to 1.5 ft) and B-23 (0 to 1.5 ft) at concentrations ranging from 0.40 to 2.83 
ppm. PAH compounds were also detected in soil or slag samples collected in areas of 
dimethylaniline or petroleum occurrences. Dimethylaniline and petroleum occurrences 
will be discussed in Sections 4.4.4.1 and 4.4.4.2. 

Halogenated hydrocarbons were not detected in subsurface soils except in boring B-3A 
(10 to 13 ft) at a concentration of 210 ppm. No PCBs were detected in Phase I or 
Phase II samples. 

4.4.4.1 Petroleum Occurrences 

Petroleum was detected in subsurface soil and slag samples collected in the northeastem 
portion of the plant at sampling locations B-3A (24 to 33 ft), B-14 (13 to 26 ft), B-33 
(20 to 40 ft), and B-36 (5 to 15 ft). Petroleum was also detected in monitoring well 
MW-8 (2.5 to 16.5 ft) located east of the acid plant. Selected samples were analyzed for 
total petroleum hydrocarbons (TPH), semivolatile organic compounds, and volatile 
aromatic compounds (BTEX). A summary of these results is presented in Volume 2, 
Appendbc J - Subsurface Soils. 

Total Petroleum Hydrocarbons (TPH) 

TPH analysis was performed on 31 soil and slag samples. TPH results below 150 ppm 
were considered not detected due to their elevated TPH blank concentrations (see 
Volume 3, section 3.8.5 for a more detailed explanation). Petroleum hydrocarbons were 
detected in 9 of 31 samples at concentrations ranging from 150 to 5,700 ppm. The 
highest TPH concentration was detected in B-36 at a depth of 12.5 to 14 ft. 

Volatile Aromatic Compounds (BTEX) 

BTEX compounds are commonly associated with various pefroleum products including 
gasoline and bunker C oil. BTEX compounds are fairly soluble in water and are often 
the main petroleum constituents that can affect groundwater quality. Samples were 
selected for BTEX analysis based on field volatile organic measurements using a portable 
photoionization detector (H-Nu Model PI-101 equipped with a 10.2 eV lamp) and sample 
odor. BTEX compounds were not detected in samples collected from B-14 and B-33. 
Ethylbenzene (55 ppb) and xylenes (110 ppb) were detected in B-36 at a depth of 12.5 
to 14 ft. 

Semivolatile Organic Compounds 

Several semivolatile organic compounds were detected in slag samples collected from B-
36 (0 to 5 ft), B-36 (12.5 to 14 ft), MW-8 (2.5 - 4 ft), and B-3A (29.5 - 32.5 ft). 
Chrysene and benzo(b)fluoranthene, which are polynuclear aromatic hydrocarbons (PAH), 
were detected in B-36 (0 to 5 ft) at concentrations of 0.34 and 0.41 ppm, respectively. 
Eight PAH compounds were detected in B-36 (12.5 to 14 ft) at concentrations ranging 
from 0.40 to 2.59 ppm. Nine PAH compounds were detected in MW-8 at estimated 
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concentrations ranging from 0.54 to 1.23 ppm. PAH compounds detected in B-36 and 
MW-8 are often associated with petroleum (Verschueren 1983). Pyrene and bis(2-
ethylhexyOphthalate were detected in B-3A at estimated concentrations of 0.44 and 0.55 
ppm, respectively. Pyrene is also a PAH compound and was probably derived from 
petroleum (Verschueren 1983). 

Samples containing petroleum product from B-33 (30.5 to 31.5 ft) and B-36 (12.5 to 14 
ft) were analyzed for PCBs and chlorinated pesticides. No PCBs were detected. Alpha-
BHC, a chlorinated pesticide, was detected in both samples at a concentration of 0.022 
ppm. The detection limit for alpha-BHC was 0.010 ppm. 

GC-Fip Fuel Fingerprint 

GC-FID fingerprint analysis was performed on soil and slag samples collected from B-
14, B-3A B-36, MW-8, and MW-9. The chromatographic peak pattern identified from 
B-36 was similar to a weathered mbcture of diesel and bunker C fuel oil. The petroleum 
peak patterns identified in B-14, B-3A and MW-8 soils also appear to be mixtures of 
diesel and bunker C but are more severely weathered. Weathering of petroleum, caused 
by either volatilization or flushing with water, results in the removal of lighter molecular 
weight hydrocarbons which tend to be more mobile. The high degree of weathering 
indicates that petroleum in both the northeast portion of the site and at MW-8 have 
been exposed to groundwater flow for an extended period of time. 

The TPH result for soils collected from MW-9 (10 to 11.5 ft) was estimated at 150 ppm. 
The corrected detection limit for TPH was also 150 ppm. GC-FID fingerprint analysis 
of this sample did not detect any petroleum hydrocarbons. 

4.4.4.2 Dimethylaniline Occurrence 

N,N-Dimethylaniline (DMA) is typically a tan-to-brown colored liquid with a strong 
"amine-like" odor. It is insoluble to slightly soluble in water and is somewhat volatile 
(vapor pressure is 1 mm at 29.5°C). The density of DMA is slightly less than water 
(0.997). DMA was used in the production of sulfur dioxide at the SOj Plant located in 
the southeast portion of the Asarco facility. The DMA storage area was located just 
east of the SOj Plant. 

DMA was included in all semivolatile organic analyses conducted in Phase II. It was 
detected only in soils or slag collected from B-37 and B-16 (23 to 24.5 ft). DMA 
concentrations in B-37 ranged from not detected (0 to 5 ft) to 812 ppm (10.5 to 12 ft). 
Acenaphthene (0.34 ppm), N-nitrosodiphenylamine (0.51 ppm), and phenanthrene (0.68 
ppm) were also detected in B-37 (10.5 to 12 ft). DMA concentration in B-16 was 4,9 
ppm. Ruoranthene (0.60 ppm) and retene (2.3 ppm) were also detected in B-16 (23 to 
24.5 ft). 
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4.5 GROUNDWATER 

4.5.1 SUMMARY OF NATURE AND EXTENT OF CONTAMINATION IN 
GROUNDWATER 

4.5.1.1 Total and Dissolved Metals 

A total of 59 groundwater samples were collected for metal analysis from 28 monitoring 
wells and two seeps. The cooling pond and seawater were also sampled. Groundwater 
quality and analytical methods are summarized in Volume 2, Appendix K - Groundwater. 

• Arsenic, copper, and zinc were detected in over 90 percent of the samples 
collected for total metals analysis. Antimony, selenium, silver, thallium, and 
mercury were detected in less than 25 percent of the samples collected. Total 
arsenic concentrations ranged from not deterted to 30,600 ppb. 

• Arsenic, copper, and zinc were detected in over 75 percent of the samples 
collerted for dissolved metal analysis. Dissolved chromium and silver were not 
deterted. Antimony, barium, selenium, thallium, and lead were detected in less 
than 20 percent of the groundwater samples. Dissolved arsenic ranged from not 
detected to 30,600 ppb. 

• The highest metal concentrations were detected in the plant area. The average 
arsenic, copper, and zinc concentrations in the plant area were approximately one 
to two orders of magnitude greater than the stack and parking lot areas. The 
average total and dissolved arsenic concentrations in the parking lot area were 
6,503 ppb and 5,304 ppb, respectively. 

• No obvious relationship was observed between groundwater metal concentrations 
and tidal cycles. 

4.5.1.2 Petroleum Occurrences in Groundwater 

Petroleum was detected in soils collerted in the northeastem portion of the plant and 
in MW-8. Groundwater in these areas was analyzed for the presence of petroleum. 

• Free floating petroleum produrt was not detected in any monitoring wells. A 
sheen was observed on top of water removed from monitoring well B-36. 

• Petroleum hydrocarbons were detected only in monitoring well B-36. BTEX 
compounds were generally not detected. 

• Petroleum in subsurface soils appears to have very limited mobility. It is doubtful 
that a significant flux of petroleum hydrocarbons is entering Commencement Bay 
based on these subsurface petroleum occurrences. 

4-21 



4.5.1.3 Dimethylaniline Occiurences in Groundwater 

N,N-dimethylaniline (DMA) was deterted in subsurface soils or slag collected from B-
37 and B-16. A total of 14 groimdwater samples were analyzed for the presence of 
DMA 

• DMA was deterted in groundwater samples collected B-37 (150,000 ppb) and B-
36 (44 ppb). DMA was tentatively identified in MW-1A2. DMA was not detected 
in any other groundwater samples including samples from B-16. 

• N-methylaniline and aniluie were also deterted in samples containing DMA 

4.5.2 INTRODUCTION 

To evaluate groundwater quality, a total of 59 samples were collected for chemical 
analysis from 28 monitoring wells and two seeps. The cooling pond and Commencement 
Bay seawater were also sampled. Groundwater sampling locations are shown on Figure 
3-10. 

Samples collected in Phase I were analyzed for total and dissolved metals, semivolatile 
organic compounds, PCBs, and radiological parameters. Phase II groundwater samples 
were analyzed for total and dissolved metals, total organic carbon, and major inorganic 
ions. 

Groundwater samples collected in areas of petroleum contamination were typically 
analyzed for total petroleum hydrocarbons (TPH), volatile aromatic compounds (BTEX), 
and semivolatile organic compounds. The semivolatile compounds include 
n,n-dimethylamline, 1-methyl (2-methylethyl) benzene, biphenyl, retene, dibenzothiophene, 
1-methylphenanthrene, 2-methylphenanthrene, and 1-methylpyrene. Groundwater samples 
collerted near the dimethylaniline storage area at the south end of the facility were 
analyzed for volatile and semivolatile organic compounds. 

Groundwater quality and analytical methods are summarized in Volume 2 - Appendix K. 
Table B-1 (Appendbc B) summarizes groundwater parameters measured in the field (pH, 
elertrical conductivity, temperature, dissolved oxygen, and salinity). 

4.5.3 INORGANICS 

Groundwater samples were analyzed for total and dissolved metals, major ions, and 
several radiological parameters. Groundwater samples collerted along the eastem portion 
of the Asarco facility contained high concentrations of sodium, chloride, sulfate, and 
bicarbonate compared to samples collected along the westem portion of the site. These 
ion concentrations derteased by several orders of magnitude in samples collected farther 
west away from Commencement Bay. Groundwater collerted in monitoring wells 
MW-3A2, MW-3B, and B-33 contained similar major ion concentrations as those in 
Commencement Bay seawater collected at the tidal station. Field measurements of 
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electrical conductivity and salinity indicate that groundwater in this portion of the plant 
is very saline (17 to 25 ppt). 

Groundwater collected from the southeast portion of the facility contained elevated 
sulfide concentrations as compared to the stack and parking lot areas. Sulfide 
concentrations in this area ranged from not deterted (MW-IB) to 2.9 ppm (MW-1A2). 
The stack and parking lot areas generally had similar major ion concentration 
distributions. 

Alpha particles and radium-226 were not deterted except in MW-3B at levels of 22.0 
(±16) and 11.8 (±5.9) pCi/gram, respectively. Uranium concentrations ranged from not 
detected to 0.009 /^g/g. 

Total and dissolved metal results are discussed in the following sections. In this report,; 
dissolved metals are defined as those metals which passed through a 0.45 n filter. 

4.5.3.1 Total and Dissolved Metals Results 

Total and dissolved metal results for all groundwater samples are summarized in Table 
F-13 presented in Appendbc F. Metal results for the parking lot, stack area, and plant 
area groundwater regimes are summarized in Tables F-14 through F-16. In order to 
calculate the mean of total and dissolved metal concentrations, detection limits were used 
as values for metal results reported as not detected. The upper 95th percent quantile 
was calculated assuming a "t" distribution for metal concentrations. 

4.5.3.2 Total Metal Concentration Distributions 

All 16 of the metals analyzed for total analysis were deterted in at least three 
groundwater samples. Iron, magnesium, and manganese were the only metals detected 
in all samples. Arsenic, copper, and zinc were detected in over 90 percent of the 
samples collected. Antimony, selenium, silver, thallium, and mercury were detected in 
less than 25 percent of the samples collected. The metals with the highest total 
concentrations were generally arsenic, copper, zinc, iron, magnesium, and manganese. 
Total arsenic concentrations ranged from not detected to 30,600 ppb. Histograms 
showing total metal frequency distributions for all samples and the three groundwater 
regimes are presented on Figures 4-45 through 4-53. As shown in the histograms, most 
of the groundwater metal concentrations values were below or near the detection limit. 
However, a wide range of metal concentration values were observed for most metals 
especially arsenic, copper, iron and zinc. 

4.5.3.3 Dissolved Metal Concentration Distributions 

Dissolved chromium and silver were not deterted in any samples. Antimony, barium, 
selenium, thalliimi, and lead were detected in less than 20 percent of the samples 
analyzed for dissolved metals. Dissolved arsenic, copper, and zinc were detected in over 
75 percent of the samples. The metals with the highest dissolved concentrations were 
generally arsenic, copper, and zinc. Dissolved arsenic concentrations ranged from not 
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deterted to 30,600 ppb. Histograms showing dissolved metal frequency distributions for 
all samples and the three groundwater regimes are presented on Figures 4-45 through 
4-62. Most dissolved metal concentration values were also below or near detection 
limits and exhibited wide concentration ranges. 

4.5.3.4 Comparison of Dissolved and Total Metal Concentrations 

Dissolved metal concentrations were generally lower than total metal concentrations. 
Due to analytical and sampling variability, several dissolved metal concentrations were 
slightiy above total concentrations. Most of the monitoring wells sampled had 
substantially higher total metal concentrations as compared to dissolved concentrations 
due to higher suspended solids concentrations in unfiltered versus filtered samples. 
Preservation with acid causes metals attached to the suspended solids to dissolve into the 
water phase. Many of the monitoring wells at the Asarco site were screened in fairly 
fine-grained materials. Groundwater in these wells were generally turbid despite repeated 
attempts to remove particulates during well development and purging activities. Although 
every effort was made to collect groundwater samples with total suspended solid levels 
typical of true aquifer conditions, many samples were fairly turbid due to sampling 
activities. In general, dissolved metal concentrations are more representative of acmal 
metal concentrations in groundwater migrating through soil materials. 

4.5.3.5 Total and Dissolved Metal Spatial Distribution 

Groundwater in the plant area generally contained the highest metal concentrations. The 
average arsenic, copper, and zinc concentrations were approximately one to two orders 
of magnimde greater in the plant area than the stack and parking lot areas (see 
Appendbc F, Tables F-14 to F-16). The stack and parking lot areas contained similar 
concentration distributions for most metals. However, the average arsenic concentrations 
in the stack area were approximately one order of magnitude greater than in the parking 
lot area. 

The spatial distribution of total and dissolved arsenic, copper, and zinc in groundwater 
samples collected as part of Phase n sampling are presented on Figures 4-63 and 4-66. 
The highest arsenic concentrations in the fill aquifer were detected in the eastern portion 
of the plant area including monitoring wells MW-1A2, MW-2A , MW-2B, MW-3A2, and 
B-37. Total and dissolved arsenic concentrations in the plant area ranged from not 
detected to 30,600 ppb. Copper and zinc concentrations were also highest in the eastem 
portion of the fill aquifer. 

The spatial distribution of arsenic, copper, and zinc in Phase II samples was similar to 
Phase I samples. In both sampling events, there was a substantial difference in metal 
concentrations detected in MW-1A2 and MW-IB. Arsenic concentrations in MW-1A2 
were an order of magnitude higher than MW-IB. MW-IB contained much higher 
concentrations of copper and zinc. MW-1A2 and MW-IB were located within 10 ft of 
each other and were both screened in the granular slag unit of the fill aquifer. The 
bottom of the screen in MW-1A2 was approximately 10 ft below the screen bottom in 
MW-IB. 
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The difference in metal concentrations between MW-1A2 and MW-IB may be due to the 
presence of wood waste fill. During well installation, wood chips and hydrogen sulfide 
odor were observed just beneath the srteened interval in MW-1A2. Sulfide released 
from the wood waste may cause several metals, including copper and zinc, to precipitate 
as metal sulfides. The observed differences in concentrations between MW-IA and 
MW-IB may be the result of this influence. 

Cadmium and total lead concentrations were generally highest in the southeast portion 
of the site. Dissolved lead was detected only in B-36 (38 ppb). The highest total 
chromium concentrations were deterted in monitoring wells MW-5, MW-9, and MW-12. 
Dissolved chromium was not detected at any of the sampling locations. Nickel 
concentrations were highest in monitoring wells B-34, B-36, MW-4, and MW-12. 

Most total metals were not deterted in monitoring well B-14, which was screened in the 
deeper Pre-Vashon Sand aquifer. Arsenic and copper concentrations in B-14 were 9 ppb 
and 19 ppb, respectively. In the seawater sampled at the tidal station located on the 
northern dock, most metals were below or near the detection limit. Arsenic, copper, 
and zinc were detected in the cooling pond water sample. These concentration levels 
were below the average stack area concentrations for arsenic, copper, and zinc. 

Spring 1, which is located south of the ASARCO stack, contained detectable 
concentrations of total arsenic (313 ppb), barium (220 ppb), cadmium (1 ppb), copper 
(234 ppb), and zinc (34 ppb). Spring 2, which is located west of the stack, contained 
detectable concentrations of total arsenic (300 ppb), cadmium (1 ppb), chromium (30 
ppb), copper (368 ppb), and zinc (74 ppb). Metal concentrations in the spring samples 
were similar to groundwater samples collected in the stack area. 

4.5.3.6 Influence of Tidal Cycles on Metal Concentrations 

Tidal sampling was conducted to evaluate the influence of tidal cycles on groundwater 
chemistry. Three sets of nested wells adjacent to Commencement Bay were used for 
tidal sampling: MW-1A2/MW-1B, MW-2A/MW-2B, and MW-3A2/MW-3B. Samples 
were collected at low, medium, and high tides in all sbc wells on October 19, 1988. MW-
3B was dry except during high tide. A sununary of groundwater results is included in 
Volume 2 - Appendbc K. 

No obvious relationship was observed between tidal cycles and groundwater metal 
concentrations. Variations in metal concentrations observed between samples collected 
during low, medium, and high tides are probably due to sampling and analytical 
variability. While some metal concentrations inrteased, other metals decreased in 
concentration. In addition, no trends in major ion concentrations were observed. 
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4.5.4 ORGANICS 

Samples collerted hi Phase I were analyzed for semivolatile organic compounds and 
PCBs. Phase II groundwater samples were routinely analyzed for total organic carbon. 
Groundwater samples collerted in areas of petroleum containination were typically 
analyzed for total petroleum hydrocarbons (TPH), volatile aromatic compounds (BTEX), 
and semivolatile organic compounds (inducing n,n-dimethylaniline, 1-methyl (2-
methylethyl) benzene, biphenyl, retene, dibenzothiophene, 1-methylphenanthrene, 2-
methylphenanthrene, and 1-methylpyrene). Groundwater samples collected near the 
dimethylaniline storage area at the south end of the facility were analyzed for volatile 
and semivolatile organic compounds. 

No semivolatile organic compounds were deterted in Phase I or II samples except for 
bis(2-ethylhexyl)phthalate in sample MW-5 (10 ppb) and dimethylaniline. Bis(2-
ethylhexyl)phthalate is a common laboratory contaminant. Dimethylaniline occurrences 
will be discussed in Section 4.5.4.2. Total organic carbon (TOC) levels ranged from not 
detected to 260 ppm (B-37). Elevated TOC concentrations were also observed in B-25 
(5.7 ppm) and MW-12 (21 ppm). 

4.5.4.1 Petroleum Occurrences 

Petroleum was detected in subsurface soil and slag samples collerted in the northeastem 
portion of the plemt at sampling locations B-3A B-14, B-33, and B-36. Petroleum was 
also detected in subsurface soils collected from MW-8 located east of the acid plant. 
Free floating petroleum produrt was not detected in any of the wells. A sheen was 
observed on top of water removed from monitoring well B-36. 

Total petroleum hydrocarbons were detected at a concentration of 40 ppm in B-36. TPH 
was not detected in B-33, B-34, or B-37. BTEX compounds were generally not detected. 
Toluene was detected in B-33 (1 ppb) and B-36 (2 ppb). Based on the lack of 
petroleum hydrocarbons in groundwater (except B-36), it appears that petroleum in 
subsurface soils has very limited mobility. GC-FID fingerprints of the petroleum indicate 
that it is predominately a highly weathered, fairly heavy fuel oil. In addition, the 
aqueous solubility of petroleum would be derteased further due to the high salinity in 
groundwater adjacent to the bay. It does not appear that a significant flux of petroleum 
hydrocarbons would enter Commencement Bay as a result of these subsurface petroleum 
occurrences. 

4.5.4.2 Dimethylaniline Occurrences 

DMA was detected in soils or slag collected from B-37 and B-16. A sheen and strong 
odor was observed in water removed from monitoring well B-37, which was located next 
to the DMA storage area. No free product layers were deterted in B-37. DMA is less 
dense than water and should float on top of groundwater. However, since most of the 
wells in the southeastern portion of the plant were not srteened across the water table 
(including B-37), the presence of floating DMA produrt was difficult to assess. 
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DMA was detected in groundwater samples collected from B-37 (150,000 ppb) and B-
36 (44 ppb). DMA was also detected below the sample detection limit in MW-1A2 at 
an estimated concentration of 4 ppb. Aniline (86,000 ppb) and n-methylaniline (650 ppb) 
were also tentatively identified in B-37. N-methylaniline was also tentatively identified 
in B-36 (230 ppb) and MW-1A2 (32 ppb). All n-methylaniline and aniline concentrations 
were estimated. 

The presence of DMA in monitoring well B-36 was unexperted. DMA was only used 
in the southeast portion of the plant at the sulfur dioxide plant. One possible 
explanation for the DMA occurrence in B-36 was due to the leaking of DMA-containing 
wastewater in the number one and number two refineries. Wastewater in the southeast 
portion of the plant was pumped to the basements of the refinery buildings for treatment. 
Although the floors were lined with conrtete, it is possible that wastewater containing 
some DMA could seep through rtacks in the floor and evenmally enter groundwater in 
the northeast portion of the plant (Dungey 1989 personal communication). The 
treatment of wastewater in the refinery buildings has been discontinued. DMA was not 
detected in any other wells in this area. 

Based on tentative DMA results in MW-1A2, it appears that some DMA may be 
migrating towards the bay. DMA is not soluble in water (Windholz 1983). DMA may 
adsorb onto mineral or organic matter surfaces and be transported as a particulate. 
However, particulate transport in groundwater should be minimal. The primary 
mechanism for DMA transport in water should be flow of free floating product (if 
present). 

4.6 FILL/SLAG LEACHING 

4.6.1 SUMMARY OF HLL LEACHATE TESTING RESULTS 

Five leaching tests were conducted by Hart Crowser to assess the leaching potential of 
trace metals to water from Asarco slag and granular fill. Leaching tests were performed 
on granular fill and slag samples obtained from various areas within the project site. A 
variety of tests were performed, including analyses for total and extraction procedure 
(EPTox) metals and column leaching tests described in this section. For consistency, the 
results are described in parts per million (ppm) units. The results of this testing are 
summarized below: 

• Slag generally had higher total metal content than the granular fill materials that 
were tested. Total copper, lead, and zinc concentrations were up to 10 times 
higher in slag. Slag generally also had a higher total arsenic content. However, 
total arsenic concentration in granular fill within the arsenic kitchen area exceeded 
the concentration of slag in places. The highest total arsenic concentration of 
samples tested during this portion of the work was 20,375 ppm from a sample 
obtained from granular fill underlying the arsenic kitchen area (TP-6). 

• Although slag generally has higher total metal concentrations, EPTox and column 
leaching tests indicated that metals in the granular fill are more leachable than 
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those in slag. For example, arsenic concentrations in leachate water from granular 
fill samples (TP-1, TP-3, and TP-6) ranged between 5.3 and 353 ppm as compared 
to a concentration of 0.061 ppm in the slag sample collected from TP-8. This 
finding was also supported by a comparison of total and EPTox test results. 

• The most leachable materials on the site likely were in the arsenic kitchen area. 
Samples from this area (TP-3 and TP-6) generally displayed the highest 
concentrations of arsenic, copper, and zinc in leachate water. 

• Our leaching test results indicated that granular fill material at the site was the 
probable source of elevated metals concentrations in groundwater. 

4.6.2 INTRODUCTION 

The purpose of the leaching tests was to evaluate the release of trace metals from 
granular and slag fill materials located on the Asarco Tacoma site. To assess whether 
these fill materials may act as sources of metals to groundwater, five leaching tests were 
done on selected granular fill and slag samples. Granular fill and slag samples were 
collected from seven test pits at locations shown on Figure 4-65. Test pits were located 
in areas suspected of containing high metal concentrations. Sampling methodology is 
discussed in Appendbc B. 

Test pit granular fill and slag samples were submitted to Asarco's Salt Lake City 
laboratory for total and EPTox metals analysis. The extraction procedure used to 
determine total metals in granular fill or slag samples consisted of digesting the solid 
samples with concentrated nitric acid. Slag and granular fill samples analyzed for EPTox 
metals were extracted for 24 hours using deionized water adjusted to a pH of 5 with 
acetic acid. 

One slag and four granular fill test pit samples were selected for leachate testing 
conducted at Hart Crowser's laboratory. Leachate testing consisted of passing pH-
adjusted deionized water through a permeameter (Appendbc D, Figure D-1) filled with 
granular fill or slag and then measuring the changes in the water quality. Water was 
allowed to flow through the granular fill or slag column at a rate of approximately one 
pore volume per week. Water exiting the permeameter was split uito inner-ring and 
outer-ring outflows. Water outflow in the inner-ring portion of the permeameter was 
filtered through an in-line 0.45 /z filter and collected in 4-L plastic sample bottles 
containing nitric acid preservative. Inner-ring sample bottles were replaced after 
approximately one-half pore volume of water was collerted. A total of five samples were 
collected from each permeameter and analyzed for dissolved metals. The pH of the 
outer-ring outflows were measured daily. Leachate testing procedures are discussed in 
greater detail in Appendbc D. 
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4.6.3 LEACHING TEST GRANULAR FILL AND SLAG SAMPLE 
DESCRIPTIONS 

Granular fill and slag samples collected from the seven test pits are described below. 
Samples from TP-1, TP-3, TP-6, TP-7, and TP-8 were selected for testing. Based on 
material type, these samples were selected because they represent fill material. 

TP-1 Moist, yellow with white and reddish brown mottling, slightly clayey, gravelly 
sand (Granular Fill). 

TP-2 Moist, grayish-black, slightly silty sand interbedded with clayey silts that 
contained decaying organic matter (Granular Fill). 

TP-3 Moist, brown with white and yellow mottling, slightly silty gravelly sand 

(Granular Fill). 

TP-5 Gray ore, with 20 to 30 percent slag. 

TP-6 Moist, tan with yellow and brownish-red mottiing, sandy silt (Granular Fill). 

TP-7 Moist, brown, gravelly sand (Granular Fill) that contained wood and brick 

fragments. 

TP-8 Dry, gray to black, cmshed slag. 

Slag was not observed in any of the granular fill samples. 

4.6.4 TOTAL METAL AND EPTOX PROCEDURE TEST RESULTS 
Total and EPTox metal results for granular fill and slag samples used during the leachate 
testing are summarized in Volume 2, Appendbc L. The highest total arsenic 
concentrations were detected in granular fill collected from TP-6 (20,375 ppm) in the 
arsenic kitchen area and slag collected from TP-8 (9,950 ppm). Total copper, lead, and 
zinc concentrations in the slag sample collected from 'IT-8 (located next to the Fine 
Copper Casting building) were up to an order of magnitude greater than the granular 
fill test pit samples. 
The highest EPTox arsenic concentrations were deterted in TP-6 (31 ppm) and TP-3 (3.5 
ppm). TP-6 and TP-3 were both granular fill samples collerted in the arsenic kitchen 
area. The concentration of EPTox arsenic in the TP-8 slag sample was 0.013 ppm. 
EPTox copper concentrations ranged from not deterted in TP-7 (granular fill) to 4.2 ppm 
in TP-3 (granular fill). TP-7 was located approximately 150 ft north of the arsenic plant. 
EPTox zinc concentrations ranged from 0,11 ppm in slag (TP-8) to 2.1 ppm (TP-3 and 
TP-5). The pH of test pit samples ranged from 4.2 to 6.4 in granular fill samples 
collected from TP-6 and TP-7, respectively. 
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4.6.5 LEACHATE WATER DISSOLVED METAL RESULTS 

Dissolved metal results for leachate water samples are presented in Volume 2, Appendbc 
L. Average metal concentrations ha leachate water samples are summarized in Table 4-
4. Arsenic, copper, and zinc concentrations were consistently elevated compared to the 
starting deionized water used in the leachate testing experiments (LM-1). 

The highest average arsenic concentrations were deterted in TP-6 (353 ppm), TP-3 (29 
ppm), and TP-1 (5.3 ppm). These water samples were passed through permeameters 
containing granular fill. Water passed through slag collerted from TP-8 contained an 
average arsenic concentration of 0.061 ppm. Arsenic concentration distributions in 
leachate water and corresponding soil samples are presented on Figure 4-66. 

The highest average copper concentrations were deterted in TP-3 (63 ppm) and TP-6 (9.4 
ppm). TP-3 and TP-6 were granular fill samples collected in the arsenic kitchen area. 
Slag (TP-8) leachate water contained an average copper concentration of 0.073 ppm. 
Copper concentration distributions in leachate water and corresponding soil samples are 
presented on Figure 4-67. 

TP-3 (33 ppm) and TP-6 (5.4 ppm) granular fill samples also contained the highest 
average zinc concentrations. The average zinc concentration in leachate water collected 
from slag (TP-8) was 0.14 ppm. Zinc concentration distributions in leachate water and 
corresponding soil samples are presented on Figure 4-68. 

4.6.6 COMPARISON OF LEACHING TEST RESULTS TO TOTAL AND EP 
TOXICITY RESULTS 

As expected, granular fill and slag total metal results were much higher than EPTox 
and leachate testing results. The concentrated nitric acid extraction used in total metal 
analysis is a much stronger extraction medium than the pH-adjusted water used in the 
EPTox test procedure and column leachate testing analysis. See Figures 4-66 to 4-68 
for total, EPTox, and leachate testing results for arsenic, copper, and zinc. 

EPTox results were expected to be higher than leachate testing results due to the lower-
pH water used in the EPTox test procedure. However, leachate testing metal 
concentrations for granular fill samples were generally higher than EPTox metal 
concentrations. This difference may be due to several factors: 

• The granular fill to water ratio for EPTox analysis (1:20) was much lower than 
the leachate testing granular fill to water ratio (approximately 5:1). Higher 
granular fill to water ratios should result in an inrtease of metal concentrations 
in leachate water. 

• The extraction time for EPTox analysis is 24 hours. In the leachate testing 
analysis, water is typically in contact with granular fill for approximately one week. 
Increased contact time with granular fill should result in higher metal 
concentrations in leachate water. 
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Table 4-4. Summary of average metal concentrations in leachate water. 

Test Pit No:TP-1 TP-3 TP-6 TP-7 TP-8 LM-1 

Matrix: Granular Fill Granular Fill Granular Fill Granular Fill Slag Fill Starting Water 

DISSOLVED METALS (in ppm) 

Antimony 0.715 + 0.250 ND ND ND 0.299 + 0.189 ND 

Arsenic 5.3 + 8.4 28.7 + 2.4 352.9 + 39,7 0.026 + 0.017 0.061 + 0.033 0.006 

Cadmium 0.001 + 0 0.825 ± 0.879 0.068 ± 0.043 0.013 + 0.007 0.002 + 0.001 0.003 

^ Copper 0.055 + 0.046 62.6 + 65.5 9.4 + 5.8 0.013 + 0.008 0.073 ± 0.066 0.008 
I 

•" LeacJ 0.009 + 0.009 0.162 ± 0.128 ND ND 0.005 ± 0.0001 ND 

Mercury ND ND 0.015 + 0.015 ND ND ND 

Nickel 0.253 + 0.209 0.503 + 0.241 0.163 + 0.085 0.170 + 0.048 0.120 + 0.011 ND 

Selenium 0.173 + 0.372 0.071 + 0.068 ND ND ND ND 

Zinc 0.125 + 0.154 33.1 + 37.1 5.4 + 3.4 0.189 + 0.205 0.140 + 0.145 0.008 

ND: Not Detected 

* Average concentrations plus or minus one standard deviation are ;presented except; for sample LM-1. 
A total of five water samples were collected for each leachate test. 



Granular fill samples with high EPTox metal concentrations generally also had high 
leachate testing metal concentrations. The highest EPTox and leachate testing arsenic 
and zinc concentrations were deterted in granular fill samples collected in the arsenic 
kitchen area (TP-3 and TP-6). Granular fill collerted from TP-3 also had the highest 
copper concentration for both the EPTox and leachate testing analyses. 

Slag EPTox results were both higher and lower than leachate testing results. Slag EPTox 
results, which were lower than leachate testing results, may be due to the same fartors 
discussed for granular fill samples. EPTox metal concentrations in slag samples may be 
higher than leachate testing metal concentrations due to the slag cmshing done to 
prepare samples used in the EPTox test procedure. EPTox sample preparation 
techniques will be discussed further in Section 4.6.8's discussion of granular and slag fill 
leachability. 

4.6.7 FACTORS AFFECTING SLAG LEACHABILITY 

The Bureau of Mines conducted a study to determine the leachability of copper 
reverberatory slag using the EPTox extraction procedure (Johnson et al. 1982). 
According to this study, the leachability of slag depends on several factors including 
particle size and surface area, silica content, slag cooling history, and oxidation state of 
slag metals. The leachability of arsenic, copper, lead, and zinc from slag was greatly 
affected by the slag particle size. Smaller size slag particles exhibiting large surface areas 
were shown to leach much higher levels of these metals than coarser particles. 

According to a study conducted by Robbins et al. 1983, the leachability of trace metals 
from slag is limited by the silica content and chemical form of the metals. Higher silica 
contents in Asarco copper slag reduced the leachability of most metals. 

Crecelius (1986) conducted laboratory experiments to study the release of trace metals 
to water from Asarco slag. Leaching tests were conducted using acidified fresh water 
(pH 5.0) and seawater (pH 8.0). Crecelius concluded that: 

• Seawater and fresh water leach arsenic, silver, copper, and lead from fresh slag, 
but little or no cadmium, mercury, nickel, and zinc. 

• The leaching rate decreases almost linearly within the first week after water comes 
into contact with fresh slag. 

• Leaching rates of freshly granulated slag dertease markedly after three to four 
months of exposure to flowing seawater. The slag shows little toxicity to marine 
organisms. 

• The Asarco slag fill is not a significant source of trace metal loadings to 
Commencement Bay. 
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Slag leachate metal concentrations reported in the studies conducted by Crecelius and 
Hart Crowser were much lower than leachate metal concentrations measured for granular 
fill samples. 

Hart Crowser's slag leachate metal results were generally higher than the values reported 
by Crecelius. However, the leaching test procedures and conditions were significantly 
different between the two studies. Leachate testing condurted by Hart Crowser had 
much longer contact times between soil and water than the Crecelius study. In addition, 
the samples collected by Hart Crowser were composites of one pore volume of water. 
Crecelius collerted disrtete samples daily. 

4.6.8 LEACHABILITY OF GRANULAR FILL VERSUS SLAG FILL 

As discussed in sections 4.4.3.1 and 4.4.3.2, slag samples generally contained much higher 
total metal concentrations than granular fill samples. Total arsenic, copper, and zinc 
average concentrations were 3 to 17 times higher in slag versus granular fill. However, 
granular fill samples had a higher average EPTox arsenic concentration and only slightly 
lower EPTox copper and zinc concentrations when compared to slag fill. In addition, 
slag EPTox results may be positively biased due to the crushing of slag samples during 
drilling and sampling activities. The leachability of slag and granular fill samples may 
vary significantly in areas affected by acid spills and in areas containing large volumes 
of woodwaste or other organic constituents. 

Ratios of total versus EPTox metal concentrations were calculated for subsurface granular 
fill and slag fill samples collected from soil borings. These ratios reflect the degree of 
leachability for granular and slag fills under the conditions of the EPTox test. Higher 
ratios indicate a lower degree of metal leachability. The average ratios for selected 
metals are presented below: 

SLAG FILL GRANULAR FILL 
Total/EP toxicity ratio Total/EP toxicity ratio 

Arsenic 
Cadmium 
Copper 
Lead 
Mercury 
Zinc 

Average total versus EPTox ratios (excluding mercury) for slag fill are three to seven 
times higher than granular fill average ratios. This data provides further evidence that 
trace metals in a granular fill soil matrbc are generally more leachable than in a slag 
matrbc. 

4,837 
1,844 

33,219 
144,149 

20.9 
23,518 

726 
588 

5,021 
25,547 

14.2 
3,464 
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Leachate testing conducted as part of this work indicates that the concentration of 
dissolved arsenic, copper, and zinc in leachate water that passed through slag (TP-8) are 
several orders of magnitude less than water which passed through TP-3 and TP-6 
granular fill samples. Water exposed to granular fill samples containing high EPTox 
metal concentrations generally exhibited high dissolved metal concentrations. 

High EPTox concentrations in slag samples may not indicate high metal leachability to 
water as illustrated by the leachate testing copper results for slag in TP-8. Although 
slag in TP-8 had higher total and EPTox copper concentrations than granular fill in TT-
6, the average dissolved copper concentration in TP-6 was over two orders of magnitude 
greater than TP-8 leachate water. 

Slag EPTox results may be positively biased not only by the cmshing of slag samples 
during sample collection but also during sample preparation for EPTox analysis. Any 
particles with a surface area less than 3.1 cm^ or are too large to pass through a 9.5-mm 
sieve are crushed until these criteria are met. The slag cmshing or analysis of only the 
finer slag particles in a given sample will probably result in higher EPTox concentrations 
than undisturbed slag samples. Leachate testing appears to be a more appropriate 
method to determine tme slag leachability. 

Although granular fill is more leachable than slag, the relative contribution of metals to 
groundwater depends also on the volume of slag and granular fill. The total volume of 
slag at the Asarco facility was estimated at 1,800,000 cubic yards compared to 
approximately 200,000 cubic yards of granular fill. The volume of slag fill is 
approximately eight times the volume of granular fill. More importantly, the volume of 
water saturated slag fill is approximately 22 times the saturated volume of granular fill. 
However, leachate testing results indicate that water flowing through granular fill samples 
can contain several orders of magnimde higher metal concentrations. Based on the 
leaching test results, granular fill at the Asarco site is likely the source of elevated trace 
metal concentrations in groundwater. 

4.7 MARINE SEDIMENT 

4.7.1 SURHCLSJL SEDIMENT 

The top 2 cm of marine sediments were sampled at 100 stations, and several stations 
were sampled more than once for a total of 125 surficial marine sediment samples. 
Ninety-one of the stations sampled were in the project area, and nine were reference 
stations.—A summary of the surficial sediment chemistry data is presented in Appendix ^ 
F of this volume, and the data are presented in Volume 2, Appendbc M. 

4.7.1.1 Metals 

Results of marine surficial sediment sampling within the project area for metals are 
shown in Figures 4-69 through 4-73. Metal concentrations were generally highest near 
the slag pile that forms the breakwater for the yacht basin and in the nearshore areas 
off the copper dock and south dock. Metal concentration isopleths were very similar for 
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arsenic, copper, lead, and zinc, and concentrations above 3,000 ppm were reported for 
all four metals at nearshore areas off the slag pile, with values reachmg 20,000 ppm for 
zinc. Mercury was found in high concentrations only at the nearshore stations near the 
docks on transects 10, 12, and 15. All metals show a trend of concentration highs at 
nearshore sampling stations and a sharp decrease in concentration proceeding toward 
offshore stations. Metal concentrations at the stations farthest offshore, toward the end 
of transects 9, 11, and 13, were very low, with most less than 30 ppm. Even transects 
4 and 6, which had the highest nearshore metals concentrations, had quite low levels at 
the deepest stations on the same transects. 

At some of the transects, particularly transects 3 and 4, metal concentrations did not 
decrease with distance offshore as dramatically as other transects. Two explanations are 
offered for this phenomenon. First, current studies near the smelter have shown that 
strong currents mn from transect 20 toward transert 1 in a northwesterly direction 
(Parametrix 1984), and contaminants from the smelter reaching Commencement Bay 
would be carrieci primarily to the northwest toward Point Defiance. Second, the 
steepness of the bottom topography off the slag fill area would also contribute to 
deposition of contaminants contained in slag particles in this area. The reason for this 
is that slag eroding from the slag fill area would naturally move downslope and, in 
combination with current patterns, be deposited offshore from transects 7 through 3. 

EPTox metals analysis results were surprisingly low given the high values for metals in 
many of the marine sediment samples. Table 4-5 shows that for the 28 stations sampled 
for EPTox analysis (all of the 1988 surficial chemistry stations), only 10 stations had 
detectable limits of the metals of interest. Station T4-2 produced detectable arsenic at 
a very low level, and nine other stations produced very low levels of lead. No copper, 
mercury, or zinc were recorded from any of the samples. 

Table 4-5. Detected EPTox metals. 

Station No. As (ppm) Pb (ppm) Cd (ppm) 

T3-5 0.020 
T4-2 0.830 
T4-4 0.003 
T5-0 0.033 
T6-1 0.020 
T8-4 0.020 
TlO-1 0.100 
TlO-2 0.067 
T12-1 0.520 0.025 
T16-1 0.020 
T22-1 0.003 
T22-2 0.020 0.005 
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4.7.1.2 Organics 

The results of the analyses for organic pollutants are summarized on Table 4-6. Of the 
91 project area stations sampled, 11 stations had detectable concentrations of LPAHs 
(low molecular weight polynuclear hydrocarbons) and 15 had detectable concentrations 
of HPAHs (high molecular weight polynuclear hydrocarbons). No station had 
concentrations of PCBs or dibenzofuran above detertion limits, except T12-1 with 1900 
ppb dibenzofuran in 1988. Data from this study often show considerably lower, or even 
nondetectable, values of LPAHs and HPAHs compared to values from previous study at 
similar sampling locations (Tetra Tech 1985). 

Table 4-6. All stations where organic pollutants were above detection limits. 

Station Number LPAH (ppb) HPAH (ppb) 

T2-2^ 
T4-0^ 
T5-0^ 
T9-1' 
TlO-0^ 
TlO-l' 
TlO-l^ 
TlO-2^ 
Tll-1^ 
T12-1' 
T12-12 
T13-1^ 
T14-1^ 
TI6-42 
T17-1^ 
T18-1^ 
T19-l^ 
T21-l''^ 
T22-l^'^ 
T22-2^'^ 

2,430 

880 
4,010 

1,870 
2,480 

2,310 
53,410 

460 
610 

2,600 
4,600 
3,110 

1,870 

1,000 
12,150 
16,000 
7,250 

12,320 
3,770 

11,650 
2,570 

560 
17,280 
86,180 
7,770 
1,420 
2,990 

18,800 
14,800 
1,030 
9,890 
1,710 
2,300 

^1987 Sampling 
^1988 Sampling 
''Reference Station 
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Highest levels of LPAH and HPAH are confined to the nearshore areas very close to 
the smelter and to the southeast, or "upcurrent" of the site. The results indicate organic 
pollutants are not being dispersed very far from the site. All of the stations, with the 
exception of T16-4, where organics were deterted were nearshore stations. 

4.7.1.3 . Radium 

Results of radium sampling are shown in Figure 4-74. Radium samples were collected 
at only nine locations and not at all marine surface sediment sampling stations. Radium 
was detected at sbc of the nine sampling locations. A maximum concentration of 3.61 
pCi/g was found at station T6-1. Radium concentrations ranged from 0.23 to 1.6 pCi/g 
at the remaining five stations where radium was deterted. 

4.7.1.4 Slag Particle Separation 

Marine surficial sediments from four stations were dried and sorted into three specific 
size fractions, and each of these frartions was compared to a homogenous sample of the 
same sediments that had been analyzed dirertly from the field. Another sample from 
the same grab was dried, fractioned, and recombined to be used as a control. The 
results of the slag particle separation experiments are summarized in Figures 4-75 
through 4-79. 

In general metal concentrations were relatively high at stations T4-1, T4-2, and T15-1 
and fairly low at station T14-2. Theoretically, the values for the field and combined 
samples should be similar, and this was tme for all metals analyzed, except lead in 
general and mercury at station T15-1 (Figures 4-77 and 4-78). The combined samples 
were used as a control to see if laboratory procedures might affert chemical analyses. 

It was hypothesized that, perhaps, a greater portion of the metals would be contained in 
the larger fractions that contained most of the slag. This did appear tme for lead and 
zinc (Figures 4-77 and 4-79). However, for mercury the opposite seemed tme with the 
greatest concentrations appearing in the smallest fractions (Figure 4-78). The results of 
the analyses for arsenic and copper were very inconclusive with the higher concentrations 
occurring in the larger fractions at the stations northwest of the Asarco plant and ihlhe 
smaller fractions at the stations southwest of the plant (Figures 4-75 and 4-76). 

4.7.2 SEDIMENT CORES . 

The top 1.5 m of marine sediments were core sampled at six nearshore stations near the 
Asarco Tacoma Smelter (Figure 2-12). The upper 0.5 m of sediment at each station 
was sampled in increments of 0.1 m, and one or more samples were collected from 
greater depths for a total of 39 samples. 
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4.7.2.1 Metals 

The results of marine sediment core analyses for metals are tabulated in Volume 2, 
Appendix N. Concentrations of total arsenic, total lead, and total zinc were highest near 
the 'slag pile that forms the breakwater for the yacht basin and in the nearshore area of 
the copper dock. High levels of these metals were also deterted near the southeast end 
of the slag fill area at Station T16-0. Zinc concentrations exceeded 10,000 ppm at 
Stations T7-2 and T16-0 where the core samples consisted of black sand-sized slag 
particles. As experted, copper concentrations were highest (> 10,000 ppm) at Station 
TlOA-1 near the copper dock. The areal distribution of metals contamination in the top 
1 dm of core samples was generally consistent with the distribution of metals in surficial 
sediment grab samples. 

Marine sediment core samples generally exhibited a sharp drop in total metals 
concentrations below the upper 0.3 or 0.4 m, particularly at the stations where metals 
contamination was greatest (Figures 4-80 through 4-83). The exception was at station 
T7-2 where high levels of total metals extended beneath the 0.5 m sediment depth. The 
T7-2 core was described as uniformly black sand-sized slag particles to a depth of 0.9 m; 
hence total metals concentrations were expected to remain consistently high to this depth. 
The patterns of decreasing total metals concentrations with increasing sediment depth 
were very similar among the four metals tested at each station. Results of sediment core 
samples reported in the Commencement Bay Nearshore/Tideflats Feasibility Study (Tetra 
Tech 1989) also exhibited a sharp drop in metals concentrations beneath the top few 
decimeters of sediment offshore from the Asarco Tacoma Smelter. 

EPTox metals concentrations were relatively low in all marine sediment core samples 
indicating only a small fraction of the total metals present are leachable in a weakly 
acidic environment (Volume 2, Appendbc N). EPTox chromium, selenium and barium 
were not detected in any samples. EPTox mercury and silver were each detected in 
only one sample, and they were only slightly higher than detection limits. Low levels of 
extractable cadmium (^0.025 ppm) were detected in about 20 percent of the core 
samples, principally in samples from Station TlOA-1. EPTox copper was detected in 
about one-third of all samples at 0.021 to 0.64 ppm. Extrartable lead and arsenic were 
detected in nearly all samples, but concentrations did not exceed 0.063 ppm. EPTox 
zinc was detected in all samples at concentrations ranging from 0.017 ppm to 6.0 ppm. 

A trend toward decreased EPTox metals concentrations with increased sediment depth 
was exhibited in most core samples, but the drops in concentrations were not as sharp 
and consistent as with total metals. The reason for the weaker trends was that 
extractable metals concentrations were low throughout the sediment cores. High total 
metals concentrations in the upper few decimeters of sedunent did not have 
correspondingly high EPTox metals concentrations. 

Although total metals results and EPTox metals results are expressed in different units, 
the ratios between these data provide an indication of the relative leachability of metals 
in different sediment samples. Generally, the EPTox : total ratios for arsenic, copper, 
lead, and zinc were lowest where the total metals concentrations were highest. The 
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ratios of EPTox arsenic : total arsenic ranged from 1:93,817 to 1:311,250 where total 
arsenic exceeded 5000 ppm in the upper 0.5 m of sediment at Station T7-2. These 
ratios ranged from 1:72 to 1:1529 where total arsenic concentrations were less than 50 
ppm. EPTox : total concentration ratios were also lowest for copper, lead and zinc in 
the upper 0.5 m of sediment at Station T7-2 and highest where total concentrations were 
low. The ratios of EPTox metals to total metals suggest that although total metals 
concentrations are high in the slag sand at Station T7-2 and other nearshore areas, the 
leachable amounts available to ecological pathways are very low throughout the area 
sampled. The proportions of EPTox metals and total metals are illustrated in Figures 
4-84 and 4-85. 

4.7.2.2 Organics 

The results of organic pollutant analyses are tabulated in Volume 2, Appendbc N. Table 
4-7 summarizes these results for marine sediment core samples where organic 
contaminants exceeded detection limits. The analytical laboratory had to dilute several 
samples due to matrix interference, thus the detection limits for these samples were 
increased by up to a factor of 100 (see Volume 3). No organic pollutants were detected 
at Station T13-2.5 (Figure 2-12). PAHs were deterted only in the upper decimeter of 
sediment at Stations T7-2 and TlO-1 and were not detected in sediments at Stations T2-1 
and T13-2.5. The highest concentrations of LPAH and HPAH occurred in sediment 
cores collected close to shore (Stations TlOA-1 and T16-0) as in the surficial sediment 
grab samples. These concentrations were 36,000 ppb in the uppermost decimeter of 
sediment at Station T16-0. 

Organic pollutant levels decreased with increasing sediment depth to less than detection 
limits below 0.5 m at all stations sampled. The sharp drop in LPAH in the upper few 
decimeters was consistent with the trend exhibited by core sample results reported in the 
Commencement Bay Nearshore/Tideflats Feasibility Study (Tetra Tech 1989). 

4.7.3 BIOLOGICAL INVESTIGATIONS 

4.7.3.1 Benthos 

Introduction 

Analysis of the benthic marine samples yielded a substantial data set that can be used 
to describe in detail the changes in the marine fauna near the Asarco facility. Sediment 
was collected at 12 stations. Two of these stations (T22-1 and T22-2) were distant from 
the rest and used as comparative reference stations. The remaining 10 stations were 
artayed from north (T2-5) to south (T16-4) along the facility and at varying distances 
from the shoreline. This arrangement results in a data set affected by several variables 
that impact organism distributions. These variables include water depth, native sediment 
particle-size distribution, proximity to sources of contamination, and slag particle-size 
distribution. Other variables act upon benthic animals in some direct way. These 
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Table 4-7. All sediment core saniples where organic pollutants were above detection limits. 

Sediment 
Depth (m) 

T10A-1 T16-0 

Organic Pollutant Cppb) 

T7-2 T2-1 T10-1 

0.0 to 0.1 anthracene 
phenanthrene 

LPAH 

B70 
4070 

4940 

pyrene 3550 
benzo(a)anthracene 1740 
benzo(a)pyrene 1370 
chrysene 2240 

HPAH 8900 

bis(2-ethylhexyl) 
phthalate 1090 

phenanthrene 

LPAH 

fluoranthene 

HPAH 

36.000 

36,000 

36,000 

36,000 

naphthalene 660 
2-methylnaphthalene 590 

4-methylphenol 

LPAH 

benzoic acid 

1250 

3500 

510 benzo(a) 
pyrene 540 
benzo(b) 
fluoranthene 1000 

HPAH 

benzoic-
acid 

1540 

3100 

4i. 0.1 to 0.2 phenanthrene 1500 
2-n)ethylnaphthalene 2900 

LPAH 4400 

pyrene 4900 
benzo(a)anthracene 1500 
benzo(b)fluoranthene 2700 
chrysene 2500 

HPAH 11.600 

bis(2-ethylhexyl) 
phthalate 7200 
butyl benzyl 
phthalate 2500 

phenanthrene 

LPAH 

3930 

3930 

benzo(a)anthracene 1180 
benzo(a)pyrene 920 
benzo(b)fluoranthene 1930 
benzo(9,h, Dperylene 400 
chrysene 1830 
fluoranthene 3150 
pyrene 3540 

HPAH 12,950 



Table 4-7. All sediment core samples where organic pollutants were above detection limits (continued). 

Sediment 
Depth (m) 

TlOA-1 T16-0 

Organic Pollutant (ppb) 

T7-2 T2-1 TlO-1 

0.2 to 0.3 

0.3 to 0.4 

0.4 to 0.5 

benzo(b)fluoranthene 6300 
chrysene 5300 
pyrene 7600 

HPAH 19,200 

phenanthrene 1250 
2-methylnaphthatene 4200 

LPAH 5450 

benzo(a)anthracene 670 
benzo(a)pyrene 1460 
benzo(b)fluoranthene 2710 
chrysene 990 
ideno(1,2,3-cd)pyrene 670 
pyrene 2660 

HPAH 9160 

phenanthrene 

LPAH 

2860 

2860 

benzo(a)anthracene B40 
benzo(a)pyrene 720 
benzo(b)fluoranthene 1600 
benzo(g,h,i)perylene 570 
chrysene 1530 
fluoranthene 2450 
pyrene 2570 

HPAH 10.280 

bis(2-ethylhexyl) 
phthalate 480 



variables include salinity, light intensity, benthic topography, and current intensity. Thus 
the benthos sampled is a result of many physical and chemical variables that the 
organisms art upon in their choice of habitat. 

The effects of toxic contamination of the marine benthic sediments was expected to be 
clearly noticeable in the examination of the benthic animals living on and in these 
sediments. Sampling at the 12 stations provided 59 replicates for sorting, enumeration, 
and identification. Station T2-5 was in an area where the substrate was solidly packed; 
only four replicates were collected there. Five replicates were obtained from all other 
stations. Examination of all these samples provided over 32,000 specimens from 440 taxa 
for more detailed analysis. 

In general, the term "taxon" rather than "species" will be used here to distinguish various 
benthic organism groups. Although many of the organisms could be successfully assigned 
to species, many numerically important organisms could not be placed in that precise 
taxonomic level. The lack of precision was due to two factors: (1) many organisms 
were juveniles that lacked adult characteristics and (2) many organisms were living within 
the larger sediment particles. Of the organisms that lacked adult characteristics, most 
were from the sea cucumber and crab groups. Polychaete annelids and some smaller 
cmstacea were most abundantly found in mbes inside the relatively porous slag particles. 
These slag particles had to be cmshed with mortar and pestle in the laboratory to allow 
removal of the organisms. This mechanical abrasion sometimes damaged the animals so 
that precise identification to species was not possible. 

Qualitative Station Diversity 

The samples varied substantially in the mean number of organisms collected, from a low 
of 912 organisms/m^ at station Tll-7 to a high of 22,682 organisms/m^ at station T22-1 
(Figure 4-86a). Within each of these stations the relative proportions of the major taxa 
also varied. For example, £uinelids dominate station T12-1, but are proportionally about 
one half as abundant at station T6-3. All of the major taxa show similar shifts (Figure 
4.86b). 

Similarly, the wet-weight biomass collected at each station varied over a factor of about 
8 (Figure 4-87a). Station T12-1, which had one of the highest counts of organisms, had 
the smallest biomass, at 13.6 g/m^. Station T4-2 had the highest biomass with about 
117.7 g/rv?. The relative taxonomic proportions of this biomass also varied radically 
between the sites (Figure 4-87b). 

These data indicate the stations did not sample a single community or assemblage of 
organisms. The differences between the station results, even on a gross level, indicate 
several different assemblages. This interpretation is supported by a quantitative 
examination of the cluster analysis based on the Bray-Curtis dissimilarity coefficients 
computed on a station by station basis (Figure 4-88). This analysis groups those stations 
with their "nearest neighbor" determined by the proportional abundance of organisms in 
the samples. All replicates were pooled for this component of the analysis to obtain the 
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largest data set, and the data were transformed to minimize the effects of very abundant 
taxa. 

A few of the results of the cluster analysis were predirtable. For example, Stations T22-
1 and T22-2 are relatively similar to one another. Stations T12-1 and TlO-1, which were 
presumed to be the most contaminated, were somewhat similar to one another, yet they 
were different from the other stations. What was not predirted was that none of the 
other stations were particularly similar to, and some even unlike, any other of the 
stations sampled (Figure 4-88). 

This overall diversity of the benthos data is reflerted in a close examination of the array 
of species collected from each station (see end of Chapter 4, Table 4-8). Several of the 
stations have a substantial diversity of organisms. This is particularly noticeable in the 
data from stations T4-2, T6-3, T8-4 and T22-1; all have an excess of 190 taxa. Only 
stations Tll-7 and T12-1 had less than 100 taxa collected in their samples. Station T12-
1, containing the smallest number of taxa, still had 76 species collected in the samples 
from that site. 

Dominance of the species list by very few common taxa is a typical simation in polluted 
marine environments. To assess this phenomenon. Table 4-8 lists the species found at 
each station in decreasing order of abundance. These species lists are tmncated at 90 
percent. Thus the most common species is listed first, then the next most common and 
so on until 90 percent of the organisms collerted are enumerated. Station T12-1 showed 
a distribution of organisms typical of a polluted environment. Although 76 taxa were 
recorded from that site, 83 percent of the animals collerted were of one polychaete 
annelid species, Notomastus tenuis, and only three other species were necessary to 
comprise 90 percent. 

Those data should be contrasted with the data obtained from the nearby stations T4-2, 
T6-3, and T8-4. There 51, 81, and 80 taxa were needed to comprise 90 percent of the 
organisms collected at the respective sites. In the case of these three stations, and at 
most of the other stations, there is no domination of the community by one or a few 
species. 

Quantitative Station Diversity 

The qualitative indication of diversity and the lack of dominance by one taxon is 
reflected by the more quantitative diversity measures, the Shannon-Wiener Index (H'), 
and Simpson's Index (C). The Shannon-Wiener Index ranges upward from 0 and 
measures the amount of information that can be obtained from one individual in the 
sample. Generally it is considered that values of H' from between 0 to about 2 
represent sparse assemblages under some stress, while values in excess of 3 are likely to 
be found in diverse communities containing enough diversity for normal ecological 
interactions (Poole 1974). The samples from station T12-1 gave an H' of 1.388, 
indicating a substantially disturbed assemblage. Station Tll-7 was the only other station 
with a H' value that was less than 3. 
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Simpson's Index measures diversity in another way. This index measures the degree of 
dominance of one species in the sample, and can range from zero to one. Low values, 
below 0.200, of this index represent an even distribution of the taxa with little 
domination of the assemblage by a few taxa. If the values of Simpson's Index exceed 
0.500, the community is dominated by very few taxa (Poole 1974). In these samples, the 
only station whose Simpson's Index value exceeded 0.200 was station T12-1, with C = 
0.523. 

The final quantitative measure used to describe diversity in the benthos from these 
stations was a measure of "evenness = J." The evenness index ranges from 0 to 1 and 
examines diversity as a relative measure of the maximum possible diversity. The closer 
the value of J is to zero, the closer the total domination by one species. Generally, if 
the evenness of the sample exceeds 0.6, the sample is not regarded as being dominated 
by a single or small group of taxa. Station T12-1, with J = 0.320, is the only one of 
these stations with an evenness value less than 0.6. 

Organism Assemblages and Presumed Interactions 

The number and types of each individual taxon collected and the interactions between 
them provide an additional series of indications of the well being of the benthic 
community. Many of the ecologically important organisms for each station are listed in 
Table 4-8 (end of Chapter 4). It is likely that some of the more important, but rarer 
predatory animals were not sampled. These larger animals, such as the sea stars Pisaster 
brevispinus and Luidia foliolata or the moon snail Polinices lewisii. are normally found 
with population densities of less than one animal per 10 m .̂ It would be unlikely that 
they would be sampled. However, their presence may be inferted by the presence of 
their prey, direct evidence of their predation, or their juveniles. 

The entire array of organisms found in an area is important in determining whether or 
not that area is contaminated and perturbed to a major extent. In Puget Sound waters, 
many of the benthic marine communities are stmctured by the actions of their major 
predators. Most of these benthic predators are either sea stars or snails, and they 
appear particularly sensitive to pollutants. Metals, for example, are important 
molluscicides, and snails would be expected to respond strongly to metallic contamination. 
Areas subject to containination would then be expected to have few complex predatory 
interactions, and simple food chains with few levels would be the mle. 

Similarly, the presence of many larval, juvenile, or reprodurtive forms of each taxon 
could give evidence of the "health" of the benthic community. Examination and 
assessment of larval abundance will assist in determining if the assemblage is capable 
of maintaining itself by normal regular recmitment, or if it depends upon adult 
immigration or haphazard, spotty recmitment of larvae into the area. 

Reproduction and Larval Recruitment 

These samples were taken in the early summer, when most Puget Sound marine 
invertebrates spawn, develop into larvae, and then settle and metamorphose into juveniles 
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in their adult final habitat. Most invertebrate larvae actively choose where they will 
settle and change into juveniles. This is the most important choice these animals make, 
and it is not a passive process. If the habitat does not give sufficient or the wrong 
sensory cues, then settlement will not occur. Larvae are also generally much more 
sensitive than adults to various types of contamination and toxic agents. 

Larvae or recently settled juveniles were collerted at a number of the stations (Table 
4-9). Two of the four major taxonomic groupings, arthropods and miscellaneous taxa, 
were represented by populations containing juvenile animals. Arthropod, sea cucumber 
(holothuroid), and sea star (asteroid) recmitment were both relatively high in several of 
the stations. Stations T4-2, T22-1, and T22-2 all had substantial recmitment of these 
major taxa. Fewer juveniles were collected at the other stations, but were absent only 
at station T12-1. Although a few juveniles arthropods or sea cucumbers were found at 
stations TlO-1 and Tll-7, they were uncommon. 

Specific enumeration of juvenile, larval, or immature forms was not routine in either the 
sorting or taxonomic analysis. It simply was not anticipated that juveniles would be 
common enough to make the analysis of recmitment worthwhile. Some arthropod and 
echinoderm larvae and immature forms were consistently counted. 

Sea stars are often the most important predators in marine ecosystems and are also 
particularly common in Puget Sound ecosystems (Paine 1966; Mauzey et al 1968; 
Birkeland 1974). Adult sea stars are often found in densities ranging from one animal 
per 10 m^ to one per 1,000 m .̂ Due to the small area sampled, it is unlikely that any 
adult sea stars would be collected. However, if conditions are suitable, juvenile sea 
stars may be abundant in early summer. That appears to have been the case at some 
of the stations sampled. 

The asteroid (sea star) larvae collected belonged to the families Goniasteridae and 
Solasteridae. The most likely species represented by the goniasteridae is Mediaster 
aequalis. a relatively generalized predator. In the lower Puget Sound region this star is 
likely preying upon bryozoans or various cnidarians. These taxa are well represented 
where goniasterid juveniles were collected. The latter sea star family might be any one 
of several species of Solaster or the rosy sun star, Crossaster papposus. Solaster species 
predominantly prey on sea cucumbers. Juvenile sea cucumbers were common at those 
stations where small solasterids were found. Thus these asteroids might be recmiting 
into the area because of the prevalence of small prey for the small asteroids to eat. 

Additionally, asteroids in these groups often settie from the plankton in response to tubes 
secreted by chaetopterid polychaetes (Strathmann 1987). Chaetopterids are also 
commonly found in the areas where the small asteroids are common. Thus, the 
recmitment effect of potential larval food cannot be separated from the effect of 
polychaete tubes. The presence of recuits indicated normal larval settlement and 
metamorphosis in this important group of predators. 
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Table 4-9. Immature forms collected at all Asarco benthic stations. 

NUMBERS PER SQUARE METER FOR EACH STATION :MEAN + /-1 S.D. 

STATIONS 

T2.5 T3-5 T4-2 T6-3 

Cancer sp. 
Lophopanopeus sp. 
Pinnotheridae sp. 

ARTHROPODS TOTAL 

Goniasteridae sp. 
Solasteridae sp. 

ASTEROIDS TOTAL 

Holothuroidea sp. 
Phyllophoridae sp 
Cucumaria sp. 2 
Cucumaria sp. 
Eupentarta sp. 
Pentamera sp. 
Leptosvnapta sp. 

HOLOTH. TOTAL 

MISCFTT.ANEOUS 
(Mogulidae sp.) 

NO.PER SQ. M. 

Callianassa sp. 
Cancer sp. 
Lophopanopeus sp. 
Pinnotheridae sp. 

ARTHROPODS TOTAL 

2.5 ±4.3 
5.0±5.0 

7.5 ±9.3 

7.5 ±8.3 

7.5 ±8.3 

15.0 ±17.6 

8.0±9.8 
2.0 ±4.0 
14.0±15.0 

24 ±28.8 

2.0 ±4.0 

2.0±4.0 

20.0 ±17.9 

20.0 ±17.9 

2.0±4.0 
2.0 ±4.0 
12.0 ±7.5 

10.0 ±12.6 

26.0 ±28.1 

48.0 ±50.0 

6.0 

6±0 

22.0 ±7.5 
16.0±18.5 
44.0 ±36.1 

82.0 ±62.1 

12.0±11.7 

12.0±11.7 

12.0±11.7 

96.0±90.0 

2.0 ±4.0 

110.0 ±105.7 

204 ±180 

4.0 ±4.9 

4.0 ±4.9 

10.0±11.0 
2.0 ±4.0 
18.0±13.3 

30.0 ±28.2 

10.0 ±8.9 

10.0±8.9 

2.0 ±4.0 

2.0 ±4.0 

4.0 ±4.9 

46.0 ±46.1 
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Table 4-9. Immamre forms collected at all Asarco benthic stations (continued). 

NUMBERS PER SQUARE METER FOR EACH STATION :MEAN + /-1 S.D. 

STATIONS 

T2-5 T3-5 T4-2 T6-3 

Holothuroidea sp. 
Phyllophoridae sp 
Cucumaria sp. 2 
Eupentarta sp. 
Pentamera sp. 

HOLOTH. TOTAL 

NO.PER SQ. M. 

Svnidotea sp. 
Callianassa sp. 
Brachyura sp. 
Cancer sp. 
Lophopanopeus sp. 
Pinnotheridae sp. 

ARTHROPODS TOTAL 

Goniasteridae sp. 

ASTEROIDS TOTAL 

Holothuroidea sp. 
Phyllophoridae sp 
Cucumaria sp. 2 
Cucumaria sp. 
Pentamera sp. 
Leptosynapta sp. 

HOLOTH. TOTAL 

NO.PER SQ. M. 

2.0 ±4.0 
4.0±4.9 
2.0 ±4.0 
2.0±4.0 
2.0 ±4.0 

12.0 ±20.9 

36.0±49.7 

2.0 ±4.0 
22.0 ±17.2 

2.0 ±4.0 

6.0 ±0.0 

4.0 ±8.0 

2.0 ±4.0 2.0 ±4.0 

24.0±21.2 6.0±12.0 

4.0 ±4.9 

48.0 ±26.4 

10.0±6.3 

2.0 ±4.0 62.0 ±37.6 

26.0±25.2 68.0±49.6 

4.0 ±4.9 NONE 

2.0 ±4.0 
90.0 ±36.9 26.0 ±10.2 
82.0 ±38.2 4.0 ±4.9 

174.0±79.1 32.0±19.1 

14.0±8.0 

14.0 ±8.0 

6.0 ±8.0 24.0 ±28.7 
10.0 ±20.0 
12.0±19.4 
48.0 ±27.9 

16.0±13.6 

6.0 ±8.0 110.0±109i 

180.0 ±87.1 156.0± 136.6 
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Because sea stars and sea cucumbers often do not acquire all of their definitive 
characters until a few weeks or months after settlement, taxonomists often note these 
small animals as juveniles. Juveniles of the other major taxonomic groupings were not 
observed in the samples. Small mollusks and annelids were commonly collected but not 
specifically noted as juvenile animals. Even as juveniles, these taxa are likely to be 
relatively identifiable, thus taxonomists identified them without any special notation as 
to age. Additionally they have continuous growth, without distinct early life-histoty 
stages. 

Recently metamorphosed arthropods with defined juvenile chararteristics were also noted. 
Small individuals of both of these major taxa are likely to be identifiable as juveniles of 
a given genus or fzunily long before they acquire the adult characteristics necessary to 
identify them to species. Consequently, it is relatively easy to assess recmitment in these 
two major taxa. It is difficult to do this for the other taxa, and to this extent our data 
were biased. Given the population sizes and the species diversities at all sites, 
recmitment of a substantial number of annelids and mollusks occurred regularly. 

The presence of juveniles indicated suitable conditions for these small, sensitive, animals. 
Conversely, the absence of the juveniles likely results from inappropriate substrate type 
or quality, presence of potentially toxic materials, lack of suitable prey, or any of a 
number of other conditions. Thus while the presence of juveniles denotes suitability of 
the habitat, and absence denotes unsuitability, the absence of juveniles cannot determine 
why the habitat is unsuitable. 

In addition to larval recmitment from distant populations, some of the animals at stations 
T3-5, T6-3, T8-4, and T16-1 were reproductively active during or before sampling. Eggs 
or capsules containing eggs were found in the samples from those stations, sometimes in 
relatively great numbers (Table 4-10). Most of these eggs or egg capsules were from 
gastropod mollusks. No attempt, however, was made to directly assess reproductive 
condition for any of the sampled animals. 

Table 4-10. Number of Unidentified Eggs Collerted in Benthic Samples. 

Number/Square 

Station 
Number 

Station 
Number 

Meter ± 1 Standard Deviation 

T2-5 
0 

Tll-7 
0 

T3-5 
18 ±24 

T12-1 
0 

T4-2 
0 

T16-1 
132 ±23 

T6-3 
4±8 

T16-4 
0 

T8-4 
10 ±20 

T22-1 
0 

TlO-1 
0 

T22-2 
0 
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Ecological Interactions 

Many of our samples, particularly those from the areas containing substantial coafse" 
sediment showed evidence of diverse ecological interactions, including fully developed 
food chains and larval recmitment. For example. Station T4-2, had a mean of 48 
individuals of relatively large Eupentarta pseudoquinquesemita per m^ About twice that 
number of juvenile Eupentarta of undetermined species were collected at the same time. 
These were likely the recently settled juveniles of that same species. Thus the sea 
cucumber Eupentacta pseudoquinquesemita. which lives between, under, and on coarse 
sediment, had a stable population in the area. Although they are much less abundant 
than their prey, sea cucumber predators were common m the same area. The gastropod 
Balds, which eats sea cucumbers, was found in densities of 8 m^ at the same station 
(Volume 2, Appendbc F). 

Olivella baetica were commonly found at station T2-5 and infrequently elsewhere. 
Cvlichnella species were found scattered throughout the site. They are both gastropods 
that prey on foraminiferans. Foraminiferans are shelled protozoans that live within the 
sediment, eating sediment bacteria. Gastropods are notoriously sensitive to metal 
contamination; most snail poisons are copper based. These two species live within the 
sediment, and ingest it while eating their prey. They were found at Stations T2-5, T4-
2, T8-4, Tll-7, T12-1, and T22-1, indicating that at these stations, the sediment is not 
toxic. 

Predators and their prey were collected at every station. Normal predator-prey 
relationships can be inferred in some degree at each station. Because mollusks are 
particularly sensitive to metal toxicity, interartions involving small shell-less gastropods, 
or nudibranchs, are particularly important. One major group of nudibranchs, the 
aeolidacea, eat hydroids. This group was commonly collected (Volume 2). Another 
relatively abundant group of nudibranch species, the doridacea, have species that 
commonly prey upon sponges. 

4.7.3.2 Bioassays 

Oyster 

The oyster bioassay procedure allows the examination of two effects of any potential 
toxicant on the organisms: (1) the relative amount of survival and (2) the relative 
amount of abnormality among survivors. Only swimming survivors are assessed for 
normality. 

Because of the large number of samples tested, the assays were completed in two 
separate experiments. The first experiment was started on July 16, 1988. The second 
on August 11, 1988. One sea water control and one clean sediment treatment was done 
with each batch. The mean survival in the clean sediment was 78.0 ± 39.1 percent and 
92.0 ± 13.5 percent, respertively. The corresponding survival in the sea water controls 
was 95;4 ± 1.6 and 98.3 ± 2.2 percent. Oyster bioassay test data are provided in 
Volume 2, Appendbc O. 
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Figures 4-89 and 4-90 depirt the primary results from the oyster bioassay. In general, 
the most noticeable pattem is substantial mortality or abnormality noticed in treatments 
using sediments from the bioassay stations nearest the shore. Virtually all the samples 
showed some reduction in either amphipod survival, oyster survival, or oyster rate of 
abnormality. There was substantial variance in most of the treatment containers. Such 
variation contrasted to the low variability observed in the sea water controls. 

Of particular interest are the results from the sediments from Stations TO-2, TO-3, T22-
1, and T22-2. These stations were substantially distant from the rest of the stations. 
The sediment from the 'TO" transect was collerted north of the rest of the samples; 
sediment from the 'T22" transert was collerted several kilometers to the south. These 
sites were treated as "control" sediments, assuming they would be little different from the 
clean sediment (CS) controls in the bioassays. The clean sediment used in the CS 
treatments came from the beach at Whidbey island, where the amphipods were collected. 

The distant Commencement Bay sites give the same results in the bioassays as did most 
of the stations nearer the Asarco site. In most cases, they also showed no significant 
differences from the control sediments. The stations that differed from all others, 
showed effects of increased mortality in both the oyster and amphipod tests, and showed 
increased abnormality in the oyster larval tests were stations T3-5, T4-2, T5-0, T6-1, 
TlO-1, T12-1, T16-1, and T16-4. While some sites, particularly station T6-1, showed 
similar results with both bioassays, some showed contradictory results between the 
amphipod and oyster tests. 

The pattem of low survival in all the treatments involving sediment compared to the sea 
water controls (Figure 4-89) indicates a general sediment effect. This effect is 
substantial. With this pattem of low survival, no significant effect due exclusively to 
contamination can be discerned except in the extreme cases. 

In the oyster tests, several sites (T2-5, T3-2, T3-6, T8-4, and T22-1) had substantially 
lower percentages of abnormal embryos (Figure 4-90). Most of the others differed 
insignificantly from one another and the distant Commencement Bay sites. The 
noticeable exceptions were station 10-1, where most of the embryos were abnormal, and 
station 6-1, where none of the embryos survived. 

Amphipod Bioassays 

The amphipod bioassay tests the relatively long-term survival of the test animals when 
they are forced to remain within the treatment sediment for 10 days. The treatments 
were examined daily for swimming, dead, or moribund individuals, and these data were 
recorded. The amphipod bioassays were also split into two test periods: the first began 
on July 22, 1988 and ran until August 1; the second began on August 5 and ran until 
August 15, 1988. 
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The results of the amphipod bioassay are depicted in Figure 4-91. Virtually all of the 
animals survived in the control treatments, indicating the validity of bioassay. Although 
in most cases the mortality was not substantial, mean survival in all of the treatments 
was depressed compared to the control. Survivability was particularly low in treatments 
involving sediment from stations T3-5, T4-2, T6-1 and T12-1. Sediment from all of 
these sites resulted in mean survival rates of 60 percent or less. Survival was particularly 
low in sediments from the nearshore sites, T6-1 and T12-1. 

As in the oyster larval bioassays, the distant Commencement Bay sites (from stations TO-
1 and TO-2 to the north, and T22-1 and T22-2 to the south) showed treatment effects 
similar to those from most of the nearby sites. In fart, with the exception of the stations 
mentioned above, none of the sampled sediment had any more deleterious effect on the 
amphipods than one of the distant stations, TO-3 (Figure 4-91). Mean amphipod survival 
was better in the sediment from stations Tl-1, T2-1, T3-6, Tll-7, and T16-1 than from 
any of the distant, supposedly uncontaminated, sediments. 

Although some other patterns can be discemed in the results from the amphipod 
bioassays, they are, in general, statistically insignificant. Given the variability in the 
sediment treatments from the distant Commencement Bay sites, the only clear pattem 
that occurs is a depression in amphipod survivability in sediments from those areas with 
more slag. This indicates that amphipods, in particular, and cmstacea, in general, should 
not survive well in slag-dominated sediment. This was not home out in the examination 
of benthic community found at those sites. Sediments from station T4-2 caused 
substantial mortality of the animals in the amphipod bioassays, yet the amphipods, 
Ampelisca lohata. Ampelisca agassizi. Tritella pilimana. and Byblis cf. millsi had a mean 
aggregate population density at that station of 1050 animals per square meter. They 
amounted to 10.65 percent of the individual organisms found at that station. 
Furthermore samples from that station contained 9860 specimens from 192 taxa (Table 
4-8c). 

The only other station showing substantial depression in the amphipod bioassay survival 
rates where corresponding benthic data are available is station T12-1. Oyster bioassay 
data from this site also indicated substantial effects from this station. The benthic data 
were in agreement with these results. The number of taxa collected from this site was 
the smallest of any of the benthic sites examined. Although this reduced species 
assemblage was dominated by a few very abundant taxa, one of the dominant taxa, Tiron 
biocellata. was an amphipod. 

There was a general tendency for sediments from areas immediately adjacent to the 
Asarco facility to depress amphipod survivability, oyster survivability, or normal oyster 
development. However, only the sediment from stations T6-1 and T12-1 had major 
effects in all three categories. There was good positive cortelation between the bioassays 
with regard to oyster normality (or conversely, the relative lack of abnormal embryos), 
oyster survivability, and amphipoci survivability (Table 4-11). Thus, the pattern of relative 
effects in both oysters and amphipods (Table 4-11) through all of the sediments was 
relatively similar. 
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Table 4-11. Correlation of bioassay results, mean value for all stations. 

Oyster Abnormality 

Oyster Normality 

Oyster Survival 

Oyster 
Abnormality 

< 0.001 

NS 

Oyster 
Normality 

-0.5342 
(25) 

0.0059 

i l l 
miiii 

W^ 

l i i i i i i l 

mmmmm 
: • : • : • > : • : • : • : • : • ; • ; - : • : • > : • : • : • : • : • : • ; • : • : • 

< 0.001 

Oyster 
Survival 

-03437 
(25) 

0.0926 

0.6674 
(25) 

0.0003 

::::v^:;::!::::::::::::?:::::::^?-<-^^ 
. : ; : ; : > : : x > ' : V > : - : ' : ' : • : • : • : • : • : • ; : : : • • : • • • : • : • : > : : • : • : -

i|ii|i|i||il 
i i i i i i i i i i i 

Amphipod 
Survival 

0.1375 
(25) 

0.5122 

0.5820 
(25) 

0.0023 

0.3562 
(25) 

0.0805 

Amphipod Survival NS <0.01 NS 

NS > = Not significant at alpha level of 0.05 
Other levels of significance indicated 

CELLS: Correlation coefTicient 
(Sample size) 
Probability 
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A general point should be made on how these bioassays demonstrate the biological 
effects of the particular toxic contaminants tested for here. Both the oyster larvae and 
amphipod bioassays conducted for this study used sediments from the various stations of 
the site. These sediments ranged from poorly sorted sediments with a wide range of 
particle sizes (for example, stations on transects TO, and T2) to those with a 
preponderance of very fine sediments, such as those stations from those stations on the 
southern-most transert, T22. No tme sedunent control was called for in the test 
protocols. Consequently, there was no way to differentiate purely physical sediment 
effects from the effects due to contamination. Unless the contaminant effects were 
extreme, they become lost in the effects due to these simply physical effects. 

Neither of the tested bioassay organisms was normally found in close proximity to either 
of these physical sediment types. Since organisms are adapted to live in the habitat in 
which they are found, organisms such as Rhepoxynius abronius. which are 
characteristically found in well-sorted sand, are unlikely to survive well in sediments with 
a wide-ranging or inappropriately-sized sediment particle distributions. Even if this 
organism has been shown to be sensitive to contaminants, its utility as a sediment 
bioassay organism in totally unsuitable sediments must be questioned, particularly as the 
protocols have no controls for the effects of stress caused by differences in sediment, 
particle size distribution in containers without sediment. 

Similarly, there are no controls for the effects of sediment physical impact and fouling 
on the developing oyster larvae. Crassostrea gigas larvae typically survive poorly when 
in contact with any sediment, but survive well in containers without sediment. This 
survivability indicates a general sediment effect. Although a reference sediment test is 
called for in the experimental protocols, this test is not a tme control because the 
reference sediment is not specifically required to be of a similar particle-size distribution 
as the treatment sediment. 

Organisms, in general, and larvae specifically, are often very particular about the 
sediment they choose to live in or settle upon. Mortality effects simply due to sediment 
physical effects are well documented (Shimek 1986, Strathmann 1987). Using these 
bioassay organisms, in conjunction with inappropriate sediments without appropriate 
controls, will give spurious and umeliable results. 

The fact that these tests are unreliable as adequate indicators of biological effects is 
particularly noticeable in some of the results of this study. Station T4-2 sediments had 
very high concentrations of several of the metals. In addition, these sediments caused 
substantial mortality of the test organisms in the amphipod bioassay. Those data would 
suggest that the contaminants were substantially depressing the marine benthic community 
found at this station. Station T4-2, however, had the highest per area biomass of any 
of the sampled stations, including the reference areas. In addition, 9860 organisms 
representing 192 taxa were collected there. Furthermore, of those 9860 organism, more 
than 1000 were amphipods. These data indicate that the bioassay test organism was 
inappropriate to the sediment tested. 
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A similarly useful comparison can be made with sediment from stations T6-3 and T8-4. 
The concentrations in the sediment from Station T6-3 and T8-4 for Arsenic (255.0:55 
ppm). Copper (1203:70 ppm). Lead (2223:62 ppm), and Zinc (5800:143 ppm) were 
different. Nevertheless, the number of taxa found(205:208), the number of individual 
organisms found (5146:5418), and the biomass per unit area (80.2: 91.3 g/m^) were close 
to identical in the two sites. 
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TABLE 4-8a. Dominant taxa and community population parameters for station T2-5. 

DOMINANT TAXA 

Ampelisca agassizi 
Olivella baetica 
Diopatra omata 
Polydora pygidialis 
Pholoides aspera 
Prionospio steenstrupi 
Odontosyllis phosphorea 
Nephtys ferruginea 
Hiatella arctica 
Cirratulus drratus 
Spiophanes bombyx 
Pinnixa cf. schmitti 
Ophelina breviata 
Spiochaetopterus costerum 
Polycirrus sp. complex 
Ischyrocerus sp. Indet. 
Jasminaria pacifica 
Lepidonotus squamatus 
Aoroides intermedius 
Spio sp. Indet. 
Nemertea sp. Indet. 
Nereis sp. Juv 
Glycera capitata 
Tharyx multifilis 
Spio butleri 
Cucumaria sp. 1 Indet. 
Ampharetidae sp. Indet. 
Caulleriella hamata 
Mediomastus sp. Indet. 
Protomedeia sp. Indet. 
Solasteridae sp. Indet. 
Pleurogonium rubicundum 
Synchelidium shoemakeri 
Amphiporus sp. Indet. 
Microjas,sa sp. Indet. 
Amphiodia urtica 
BarantoUa americana 
Tritella pilimana 
Metaphoxus frequens 
Laphania boecki 
Maldane glebifex 
Eupentacta pseudoquinquesemita 
Stenothoidae sp. Indet. 
Mogula sp. Indet. 
Mediomastus califomiensis 

MAJOR 
TAXON 

ARTH 
MOLL 
ANN 
ANN 
ANN 
ANN 
ANN 
ANN 
MOLL 
ANN 
ANN 
ARTH 
ANN 
ANN 
ANN 
ARTH 
ANN 
ANN 
ARTH 
ANN 
MISC 
ANN 
ANN 
ANN 
ANN 
MISC 
ANN 
ANN 
ANN 
ARTH 
MISC 
ARTH 
ARTH 
MISC 
ARTH 
MISC 
ANN 
ARTH 
ARTH 
ANN 
ANN 
MISC 
ARTH 
MISC 
ANN 

MEAN NUMBER 
PER SQUARE MHIHR 

-t-/-1 STANDARD DEVIATION 

92.50 + / - 71.89 
92.50 
47J0 
37 JO 
37.50 
37.50 
37.50 
35.00 
7?,50 
22.50 
20.00 
20.00 
20.00 
15.00 
15.00 
17 50 
12.50 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
7.50 
7.50 
7.50 
7.50 
7J0 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 

+ / -
+ / -
+ /-
+ / -
+ / -
+ /-
+ /-
+ /-
+ / -
+ / -
+ /-
+ / -
+ / -
+ / -
+ /-
+ /-
+ /-
+ /-
+ / -
+ / -
+ /-
+ / -
+ /-
+ /-
+ / -
+ /-
+ /-
+ / -
+ /-
+ / -
+ / -
+ / -
+ /-
+ / -
+ / -
+ / -
+ / -
+ /-
+ /-
+ /-
+ /-
+ / -
+ / -
+ /-

72.93 
28.61 
28.61 
35.62 
24.87 
24.87 
8.66 

17.85 
28.61 
24.49 
1?„?.5 
7.07 

15.00 
11.18 
10.90 
16.39 
7.07 

1732 
7.07 
0.00 
7.07 
7.07 
7.07 

12.99 
829 
433 
8.29 
8.29 
8.66 
5.00 
8.66 
5.00 
8.66 
5.00 
8.66 
5.00 
5.00 
5.00 
8.66 
8.66 
5.00 
5.00 
8.66 
8.66 

PERCENT OF 
TOTAL 

9.95 
9.95 
5.11 
4.03 
4.03 
4.03 
4.03 
3.76 
2.42 
2.42 
2.15 
2.15 
2.15 
1.61 
1.61 
134 
1.34 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
0.81 
0.81 
0.81 
0.81 
0.81 
0.54 
034 
034 
034 
0.54 
034 
034 
034 
034 
034 
034 
034 
0.54 
034 
034 
034 

CUMULATIVE 
PERCENT 

9.95 
19.89 
25.00 
29.03 
33.06 
37.10 
41.13 
44.89 
4731 
49.73 
51.88 
54.03 
56.18 
57.80 
59.41 
60.75 
62.10 
63.17 
64.25 
6532 
66.40 
67.47 
68.55 
69.62 
70.43 
71.24 
72.04 
72.85 
73.66 
74.19 
74.73 
75.27 
75.81 
76.34 
76.88 
77.42 
77.96 
78.49 
79.03 
7937 
80.11 
80.65 
81.18 
81.72 
82.26 
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TABLE 4-8a. Dominant taxa and community population parameters for station T2-5. 

DOMINANT TAXA 

Margarites sp. Indet. 
Caprella striata 
Balds sp. Indet. 
Pachycerianthus flmbriatus 
Alia gausapata 
Prionospio lighti 
Notomastus tenuis 
Hannothoe sp. Indet. 
Micropodarke dubia 
Modiolus rectus 
Decamastus gracilis 
Nudibranchia sp. Indet. 
Hippomedon sp. Indet. 
Pilargis berkeleyae 
Opisa tridentata 
Nemocardium centifilosum 
Goniada brunnea 
Sabellidae sp. Indet. 
Pachynus barnardi 
Lanassa venusta venusta 

MAJOR 
TAXON 

MOLL 
ARTH 
MOLL 
MISC 
MOLL 
ANN 
ANN 
ANN 
ANN 
MOLL 
ANN 
MOLL 
ARTH 
ANN 
ARTH 
MOLL 
ANN 
ANN 
ARTH 
ANN 

MEAN NUMBER 
PER SQUARE METER 

+ / - 1 STANDARD DEVL\TION 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

2 3 0 

2 3 0 

230 

2.50 

2.50 

2.50 

230 

230 

230 

2.50 

2.50 

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

+ / -

8.66 

8.66 

8.66 

5.00 

5.00 

8.66 

5.00 

8.66 

5.00 

4 3 3 

4 3 3 

4 3 3 

4.33 

4 3 3 

4.33 

4 3 3 

4.33 

4.33 

4.33 

4.33 

PERCENT O F 

TOTAL 

0 3 4 

0 3 4 

0.54 

0.54 

0.54 

0.54 

0.54 

0.54 

034 

0.27 

0.27 

0.27 

0.27 

0.27 

0.27 

0.27 

0.27 

0.27 

0.27 

0.27 

CUMULATIVE 

PERCENT 

82.80 

8333 

83.87 

84.41 

84.95 

85.48 

86.02 

86.56 

87.10 

87.37 

87.63 

87.90 

88.17 

88.44 

88.71 

88.98 

89.25 

89.52 

89.78 

90.05 

Remaining taxa 37 923 9.95 

TOTAL = 

SIMPSON'S INDEX = 

SHANNON-WIENER INDEX = 

J (EVENESS) = 

102 Taxa 930.00 +/- 290.09 

0.042 +/- 0.009 

3333 +/- 0.141 

0.721 

4-56 



TABLE 4-8b. Dominant taxa and community population parameters for station T3-5. 

DOMINANT TAXA 

Tritella pilimana 
Diopatra omata 
Aoroides intermedius 
Pholoides aspera 
Notomastus tenuis 
Prionospio steenstrupi 
Nassarius mendicus 
Odontosyllis phosphorea 
Photis brevipes 
Paradulichia typica 
Odostomia (Chrysallida) sp. Indet. 
Mediomastus sp. Indet. 
Terebratalia transversa 
Pinnixa cf. schmitti 
Eumida sanguinea 
Sabellidae sp. Indet. 
Spiochaetopterus costerum 
Phoronopsis harmeri 
Hippomedon sp. Indet. 
Nephtys ferruginea 
Macoma sp. Indet. 
Protomedeia sp. Indet. 
Ocenebra sp. Indet. 
Solasteridae sp. Indet. 
Golfmgia sp. Indet. 
Unidentified egg 
Stenothoidae sp. Indet. 
Odostomia (Odostomia) sp. Indet. 
Ampelisca agassizi 
Cirratulus cirratus 
Polydora socialis 
Goniada brunnea 
Cucumaria sp. 1 Indet. 
Leptognathia gracilis 
Pentamera populifera 
Eusyllis assimilis 
Lepidonotus squamatus 
Aeolidacea sp. Indet. 
Dyopedos sp. Indet. 
Dulichia cf. falcata 
Paraprionospio pinnata 
Prionospio lighti 
Pentamera sp. Indet. 
Byblis valeronis 
Polynoidae sp. Indet. 

MAJOR 
TAXON 

ARTH 
ANN 
ARTH 
ANN 
ANN 
ANN 
MOLL 
ANN 
ARTH 
ARTH 
MOLL 
ANN 
MISC 
ARTH 
ANN 
ANN 
ANN 
MISC 
ARTH 
ANN 
MOLL 
ARTH 
MOl L 
MISC 
MISC 
MISC 
ARTH 
MOLL 
ARTH 
ANN 
ANN 
ANN 
MISC 
ARTH 
MISC 
ANN 
ANN 
MOl .1-
ARTH 
ARTH 
ANN 
ANN 
MISC 
ARTH 
ANN 

MEAN NUMBER 
PER SQUARE METER 

+ / - 1 STANDARD DEVL\TION 

124.00 +/- 109.29 
114.00 
112.00 
108.00 
82.00 
78.00 
68.00 
62.00 
42.00 
42.00 
40.00 
30.00 
30.00 
28.00 
28.00 
28.00 
26.00 
24.00 
22.00 
22.00 
20.00 
20.00 
20.00 
20.00 
18.00 
18.00 
18.00 
18.00 
16.00 
16.00 
14.00 
14.00 
12.00 
12.00 
12.00 
12.00 
12.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
8.00 
8.00 

+/-
+ /-
+ /-
+ /-
+ / -
+ /-
+ /-
+/-
+ /-
+ / -
+ /-
+ /-
+ /-
+ /-
+ / -
+ /-
+ / -
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ / -
+ /-
+ / -
+ /-
+ /-
+ / -
+ /-
+ / -
+ /-
+ /-
+ / -
+ /-
+ /-
+ /-
+ / -
+ /-
+ /-
+ /-
+ /-
+ /-

39.29 
83.28 
88.41 
94.95 
96.83 
40.69 
87.95 
84.00 
33.70 
4030 
21.91 
32.86 
17.20 
2135 
23.15 
42.71 
2332 
16.00 
20.40 
18.97 
10.95 
18.97 
17.89 
22.27 
24.00 
1833 
?,?. 27 
2039 
19.60 
17.44 
12.00 
7.48 
7.48 

24.00 
1939 
1939 
10.95 
8.94 

15.49 
12.65 
10.95 
12.65 
16.00 
9.80 

PERCENT OF 
TOTAL 

6.84 
6.28 
6.17 
5.95 
432 
4.30 
3.75 
3.42 
232 
232 
2.21 
1.65 
1.65 
1.54 
1.54 
134 
1.43 
132 
1.21 
1.21 
1.10 
1.10 
1.10 
1.10 
0.99 
0.99 
0.99 
0.99 
0.88 
0.88 
0.77 
0.77 
0.66 
0.66 
0.66 
0.66 
0.66 
0.55 
035 
035 
0.55 
0.55 
035 
0.44 
0.44 

CUMULATIVE 
PERCENT 

6.84 
13.12 
19.29 
25.25 
29.77 
34.07 
37.82 
41.23 
43.55 
45.87 
48.07 
49.72 
5138 
52.92 
54.47 
56.01 
57.44 
58.77 
59.98 
61.19 
62.29 
63.40 
64.50 
65.60 
6639 
6739 
6838 
6937 
70.45 
71.33 
72.11 
72.88 
73.54 
74.20 
74.86 
7532 
76.19 
76.74 
77.29 
77.84 
7839 
78.94 
79.49 
79.93 
80.37 

4-57 



TABLE 4-8b. Dominant taxa and community population parameters for station T3-5. 

DOMINANT TAXA 

Syllis heterochaeta 
Jasminaria paciUca 
Anobothrus gracilis 
Maldanidae sp. Indet. 
Pista brevibranchiata 
Tharyx multifilis 
Phyllodoce groenlandica 
Micropodarke dubia 
Nuculana fossa 
Terebellidae sp. Indet. 
Pholoe minuta 
Galathowenia oculata 
Lumbrineris sp. Indet. 
Ampharete acutifrons 
Balanus sp. Indet. (juvenile) 
Schistocomus hiltoni 
Rhodine bitorquata 
Magelona longicorais 
Halacaridae sp. Indet. 
Ampharetidae sp. Indet. 
Rutiderma lomae 
Fabia subquadrata 
Leptochelia savignyi 
Cerebratulus sp. 1. 
Dorvillea rudolphi 
Spiophanes berkeleyorum 
Gammaridea sp. Indet. 

MAJOR 
TAXON 

ANN 
AhfN 
ANN 
ANN 
ANN 
ANN 
ANN 
ANN 
MOLL 
ANN 
ANN 
ANN 
ANN 
ANN 
ARTH 
ANN 
ANN 
ANN 
ARTH 
ANN 
ARTH 
ARTH 
ARTH 
MISC 
ANN 
ANN 
ARTH 

MEAN NUMBER 
PER SQUARE METER 

+ / - 1 STANDARD DEVIATION 

8.00 +/- 11.66 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
4.00 
4.00 
4.00 
4.00 
4.00 

+ / -
+ /-
+ / -
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ / -
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ / -
+ / -
+ /-
+ / -
+ / -
+ /-
+ / -
+ / -

9.80 
16.00 
16.00 
11.66 
11.66 
9.80 

16.00 
16.00 
7.48 

16.00 
4.00 

12.00 
8.00 
4.90 

12.00 
8.00 

12.00 
12.00 
4.90 
4.90 
8.00 
8.00 
8.00 
4.90 
8.00 
4.90 

PERCENT OF 
TOTAL 

0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.33 
0.33 
0.33 
0.33 
0.33 
033 
0.33 
0.33 
0.33 
0.33 
0.22 
0.22 
0.22 
0.22 
0.22 

CUMULATIVE 
PERCENT 

80.82 
81.26 
81.70 
82.14 
82.58 
83.02 
83.46 
83.90 
84.34 
84.79 
85.23 
85.67 
86.00 
86.33 
86.66 
86.99 
87.32 
87.65 
87.98 
8831 
88.64 
88.97 
89.20 
89.42 
89.64 
89.86 
90.08 

Remaining taxa 71 180 9.92 

TOTAL= 

SIMPSON'S INDEX = 

SHANNON-WIENER INDEX = 

J (EVENESS) = 

143 Taxa 1814.00 +/- 107433 

0.044 +/ - 0.013 

3.415 +/ - 0351 

0.688 

4-58 



TABLE 4-8c. Dominant taxa and community population parameters for station T4-2. 

DOMINANT TAXA 

Pholoides aspera 
Modiolus rectus 
Tritella pilimana 
Pinnixa cf. schmitti 
Polydora cardalia 
Eusyllis assimilis 
Polynoidae sp. Indet. 
Polydora brachycephala 
Bryozoa-Cheilostomata-Anasca sp. Indet. 
Glycera capitata 
Ampelisca lobata 
Eumida sanguinea 
Ophiura lutkeni 
Plumulariidae sp. Indet. 
Spiochaetopterus costerum 
Eupentacta sp. Indet. 
Owenia fusiformis 
Polydora socialis 
Ampelisca agassizi 
Kronborgia pugettensis 
Byblis cf. millsi 
Bittium sp. Indet. 
Balanus crenatus 
Odontosyllis phosphorea 
Sabella media 
Photis sp. Indet. 
Hiatella arctica 
Lepidonotus squamatus 
Rutiderma lomae 
Eupentacta pseudoquinquesemita 
Tiron biocellata 
Porifera sp. Indet. 
Aglaja sp. Indet. 
Opheliidae sp. Indet. 
Pinnotheridae sp. Indet. (larvae) 
Balanus sp. Indet. (juvenile) 
Prionospio steenstmpi 
Pugettia gracilis 
Eulalia bilineata 
Leptognathia grarilis 
Mediomastus sp. Indet. 
Golfmgia sp. Indet. 
Prionospio lighti 
Tharyx sp. Indet. 
Terebellidae sp. Indet. 

MAJOR 
TAXON 

ANN 
MOLL 
ARTH 
ARTH 
ANN 
ANN 
ANN 
ANN 
MISC 
ANN 
ARTH 
ANN 
MISC 
MISC 
ANN 
MISC 
ANN 
ANN 
ARTH 
MISC 
ARTH 
MOLL 
ARTH 
ANN 
ANN 
ARTH 
MOLL 
ANN 
ARTH 
MISC 
ARTH 
MISC 
MOLL 
ANN 
ARTH 
ARTH 
ANN 
ARTH 
ANN 
ARTH 
ANN 
MISC 
ANN 
ANN 
ANN 

MEAN NUMBER 
PER SQUARE METER 

+ / - 1 STANDARD DEVL\TION 

2352.00 -I-/- 87434 
788.00 
772.00 
768.00 
530.00 
446.00 
332.00 
242.00 
138.00 
136.00 
134.00 
128.00 
126.00 
116.00 
112.00 
%.00 
90.00 
90.00 
74.00 
72.00 
70.00 
68.00 
68.00 
64.00 
60.00 
56.00 
56.00 
52.00 
50.00 
48.00 
48.00 
46.00 
46.00 
46.00 
44.00 
38.00 
38.00 
36.00 
34.00 
32.00 
32.00 
32.00 
32.00 
32.00 
30.00 

+ / -
+ / -
+ / -
+ / -
+ / -
+ /-
+ / -
+ / -
+ /-
+ / -
+ / -
+ /-
+ /-
+ /-
+ /-
+ / -
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ / -
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ / -
+ /-
+ /-
+ / -
+ / -
+ / -
+ /-
+ /-
+ / -
+ /-
+ /-
+ /-
+ /-
+ /-

11836 
559.69 
365.64 
484.19 
494.03 
89.76 

479.02 
11232 
33.82 

16132 
113.03 
44.99 
50.04 
24.00 
90.02 
41.47 
35.78 
43.63 
45.78 
38.99 
51.92 

107.03 
24.17 
31.62 
42.71 
73.10 
41.18 
24.49 
16.00 
3039 
40.79 
33.82 
45.87 
36.11 
2135 
29.93 
2728 
12.00 
59.13 
21.35 
11.66 
44.90 
31.87 
18.97 

PERCENT OF 
TOTAL 

23.85 
7.99 
7.83 
7.79 
5.38 
432 
3.37 
2.45 
1.40 
1.38 
1.36 
1.30 
1.28 
1.18 
1.14 
0.97 
0.91 
0.91 
0.75 
0.73 
0.71 
0.69 
0.69 
0.65 
0.61 
037 
0.57 
033 
031 
0.49 
0.49 
0.47 
0.47 
0.47 
0.45 
039 
039 
037 
034 
032 
032 
0.32 
032 
032 
030 

CUMULATIVE 
PERCENT 

23.85 
31.85 
39.68 
47.46 
52.84 
5736 
60.73 
63.18 
6438 
65.96 
6732 
68.62 
69.90 
71.08 
72.21 
73.18 
74.10 
75.01 
75.76 
76.49 
77.20 
77.89 
7838 
79.23 
79.84 
80.41 
80.97 
81.50 
82.01 
82.49 
82.98 
83.45 
83.91 
8438 
84.83 
85.21 
85.60 
85.96 
8631 
86.63 
86.96 
87.28 
87.61 
87.93 
88.24 

4-59 



TABLE 4-8c. Dominant taxa and community population parameters for station T4-2-

DOMINANT TAXA 

Diopatra omata 
Crepipatella lingulata 
Sabellidae sp. Indet. 
Protodorvillea gracilis 
Maldanidae sp. Indet. 
Ampelisca hancocki 

Remaining taxa 

MEAN NUMBER 
MAJOR 
TAXON 

ANN 
MOLL 
ANN 
ANN 
ANN 
ARTH 

PER SQUARE METER 
+ / - 1 STANDARD DEVL\TION 

30.00 +/- 20.98 
30.00 +/-
30.00 +/ -
28.00 +/ -
28.00 +/-
28.00 +/ -

632 
16.73 
31.87 
1833 
56.00 

PERCENT OF 
TOTAL 

030 
0.30 
030 
0.28 
0.28 
0.28 

CUMULATIVE 
PERCENT 

8834 
88.84 
89.15 
89.43 
89.72 
90.00 

141 986 10.00 

TOTAL = 

SIMPSON'S INDEX 

SHANNON-WIENER INDEX = 

J (EVENESS) = 

192 Taxa 9860.00 +/ - 720.14 

0.102 +/- 0.018 

3.153 +/- 0.101 

0.600 

4-60 



TABLE 4-8d. Dominant taxa and community population parameters for station T6-3. 

DOMINANT TAXA 

Tritella pilimana 
Pinnbca cf. schmitti 
Prionospio steenstmpi 
Alia gausapata 
Eumida sanguinea 
Pholoides aspera 
Pandora filosa 
Semele rubropincta 
Spiochaetopterus costerum 
Odontosyllis phosphorea 
Cucumaria piperata 
Photis sp. Indet. 
Byblis cf. millsi 
Ampelisca agassizi 
Polydora cardalia 
Odostomia (Chrysallida) sp. Indet. 
Lumbrineris sp. Indet. 
Aoroides intermedius 
Diopatra ornata 
Bryozoa-Cheilostomata-Anasca sp. 
Polydora socialis 
Nephtys ferruginea 
Delectopecten sp. Indet. 
Lyonsia arenosa 
Polydora pygidialis 
Polynoidae sp. Indet. 
Glycera capitata 
Sabella media 
Pycnogonida sp. Indet. 
Tellina nuculoides 
Anobothrus gracilis 
Trichotropis cancellata 
Caprella mendax 
Bankia setacea 
Eudorella pacifica 
Phyllodoce mucosa 
Nuculana fossa 
Prionospio lighti 
Mediomastus califomiensis 
Glyceridae sp. Indet. 
Owenia fusiformis 
Mytilidae sp. Indet. 
Maldane glebifex 
Spiophanes berkeleyorum 
Crepipatella lingulata 
Eulalia bilineata 

MAJOR 
TAXON 

ARTH 
ARTH 
ANN 
MOLL 
ANN 
ANN 
MOLL 
MOLL 
ANN 
ANN 
MISC 
ARTH 
ARTH 
ARTH 
ANN 
MOLL 
ANN 
ARTH 
ANN 

Indet. MISC 
ANN 
ANN 
MOLL 
MOLL 
ANN 
ANN 
ANN 
ANN 
ARTH 
MOLL 
ANN 
MOLL 
ARTH 
MOLL 
ARTH 
ANN 
MOLL 
ANN 
ANN 
ANN 
ANN 
MOLL 
ANN 
ANN 
MOLL 
ANN 

MEAN NUMBER 
PER SQUARE METER 

-I- / - 1 STANDARD DEVL\TION 

958.00 +/- 917.79 
312.00 
196.00 
190.00 
178.00 
146.00 
98.00 
92.00 
90.00 
88.00 
86.00 
82.00 
80.00 
78.00 
74.00 
74.00 
72.00 
70.00 
68.00 
64.00 
64.00 
54.00 
52.00 
50.00 
50.00 
46.00 
44.00 
44.00 
44.00 
42.00 
38.00 
38.00 
38.00 
36.00 
34.00 
32.00 
32.00 
30.00 
30.00 
28.00 
28.00 
26.00 
24.00 
24.00 
24.00 
22.00 

+ / -
+ /-
+ / -
+ /-
+ / -
+ /-
+ /-
+ /-
+ /-
+ / -
+ /-
+ / • 

+ /-
+ /-
+ /-
+ / -
+ /-
+ /-
+ /-
+ / -
+ /-
+ /-
+ /-
+ / -
+ /-
+ /-
+ /-
+ / -
+ / -
+ /-
+ / -
+ /-
+ / -
+ / -
+ /-
+ /-
+ / -
+ / -
+ /-
+ /-
+ / -
+ /-
+/-
+ /-
+ / -

204.49 
65.60 
84.38 

131.97 
105.19 
64.00 
73.05 
57.62 
4833 
67.11 
8424 
38.47 
49.15 
81.14 
87.77 
33.70 
34.06 
44.90 
9331 
69.46 
38.78 
39.70 
60.66 
50.99 
22.45 
22.45 
30.07 
88.00 
29.26 
1720 
14.70 
51.92 
58.17 
2633 
24.82 
27.86 
40.99 
10.95 
11.66 
24.00 
30.72 
24.17 
1625 
1336 
11.66 

PERCENT OF 
TOTAL 

18.62 
6.06 
3.81 
3.69 
3.46 
2.84 
1.90 
1.79 
1.75 
1.71 
1.67 
139 
135 
132 
1.44 
1.44 
1.40 
1.36 
1.32 
1.24 
1.24 
1.05 
1.01 
0.97 
0.97 
0.89 
0.86 
0.86 
0.86 
0.82 
0.74 
0.74 
0.74 
0.70 
0.66 
0.62 
0.62 
038 
038 
034 
034 
031 
0.47 
0.47 
0.47 
0.43 

CUMULATIVE 
PERCENT 

18.62 
24.68 
28.49 
32.18 
35.64 
38.48 
4038 
42.17 
43.92 
45.63 
4730 
48.89 
50.45 
51.96 
53.40 
54.84 
56.24 
57.60 
58.92 
60.16 
61.41 
62.46 
63.47 
64.44 
65.41 
6630 
67.16 
68.01 
68.87 
69.69 
70.42 
71.16 
71.90 
72.60 
73.26 
73.88 
7430 
75.09 
75.67 
7621 
76.76 
77.26 
77.73 
78.20 
78.66 
79.09 

4-61 



TABLE 4-8d. Dominant taxa and community population parameters for station T6-3. 

DOMINANT TAXA 

Ophiura lutkeni 
Cirratulus cirratus 
Lepidonotxis squamatus 
Photis lada 
Amphicteis glabra 
Anthozoa sp. Indet. 
Hippomedon sp. Indet. 
Tharyx multifilis 
Terebellidae sp. Indet. 
Margarites sp. Indet. 
Pista elongata 
Goniada bmnnea 
Pinnotheridae sp. Indet. (larvae) 
Parapleustes sp. Indet. 
Onuphis elegans 
Protomedeia sp. Indet. 
Eupentacta pseudoquinquesemita 
Eusyllis assimilis 
Schistocomus hiltoni 
Nemertea sp. Indet. 
Sabellidae sp. Indet. 
Sdonella estevanica 
Notomastus tenuis 
Piscicolidae sp. Indet. 
Gastropteron padficum 
Cardiomya califomica 
Thelepus setosa 
Caulleriella hamata 
Mesochaetopterus taylori 
Sdonella japonica 
Potamilla occelata 
Maldanidae sp. Indet. 
Phyllododde sp. Indet. 
Terebratalia tran.sversa 
Ischyrocerus sp. Indet. 

MAJOR 
TAXON 

MISC 
ANN 
ANN 
ARTH 
ANN 
MISC 
ARTH 
ANN 
ANN 
MOLL 
ANN 
ANN 
ARTH 
ARTH 
ANN 
ARTH 
MISC 
ANN 
ANN 
MISC 
ANN 
ANN 
ANN 
ANN 
MOLL 
MOLL 
ANN 
ANN 
ANN 
ANN 
ANN 
ANN 
ANN 
MISC 
ARTH 

MEAN NUMBER 
PER SQUARE MEIhR 

+ / - 1 STANDARD DEVL\TION 

22.00 +/ - 20.40 
22.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
16.00 
16.00 
16.00 
16.00 
14.00 
14.00 
14.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 

+ / -
+ / -
+ / -
+ / -
+ /-
+ /-
+/-
+ /-
+ / -
+ / -
+ /-
+ /-
+ / -
+ /-
+ /-
+ /-
+ / -
+ /-
+ /-
+ /-
+ / -
+ / -
+ / -

+ / -
+ /-
+ / -
+ /-
+ / -
+ /-
+ /-
+ / -
+ /-
+ / -
+ / -

34.87 
26.08 
20.98 
14.14 
20.98 
14.14 
17.89 
13.27 
22.27 
36.00 
11.66 
13.27 
16.00 
4.00 
9.80 

11.66 
4.90 

22.45 
14.97 
16.25 
1336 
1336 
19.60 
14.70 
16.00 
11.66 
9.80 
9.80 
7.48 

14.70 
7.48 
9.80 

11.66 
11.66 

PERCENT OF 
TOTAL 

0.43 
0.43 
0.39 
0.39 
0.39 
0.39 
0.39 
039 
035 
035 
0.35 
035 
0.35 
0.35 
0.35 
0.35 
0.35 
031 
031 
031 
031 
0.27 
0.27 
0.27 
0.23 
0.23 
0.23 
0.23 
0.23 
0.23 
0.23 
0.23 
0.23 
0.23 
0.23 

CUMULATIVE 
PERCENT 

79.52 
79.95 
80.33 
80.72 
81.11 
8130 
81.89 
82.28 
82.63 
82.98 
83.33 
83.68 
84.03 
84.38 
84.73 
85.08 
85.43 
85.74 
86.05 
86.36 
86.67 
86.94 
87.21 
87.49 
87.72 
87.95 
88.18 
88.42 
88.65 
88.88 
89.12 
8935 
89.58 
89.82 
90.05 

Remaining taxa 

TOTAL= 

SIMPSON'S INDEX 

SHANNON-WIENER INDEX 

J (EVENESS) = 

124 512 

205 Taxa 5146.00 +/- 2429.70 

0.053 +/- 0.028 

3.759 +/- 0.242 

0.706 

9.95 
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TABLE 4-8e. Dominant taxa and commimity population parameters for station T8-4. 

MEAN NUMBER 

DOMINANT TAXA 

Eualus pusiolus 
Terebellides stroemi 
Diastylis paraspinulosa 
Photis sp. Indet. 
Euphilomedes carcharodonta 
Porifera sp. Indet. 
Nucula tenuis 
Astarte alaskensis 
Pachycerianthus fimbriatus 
Tiron biocellata 
Prionospio lighti 
Sabella media 
Onuphis sp. Juv. 
TurbeUaria-Kalyptorhynchia sp. Indet. 
Synidotea angulata 
Velutina velutina 
Pista brevibranchiata 
Cnidaria sp. Indet. 
Harmothoe nr. H. lunulata 
Spionidae sp. Indet. 
Pagurus sp. Indet. 
Axinopsida serricata 
Amphicteis glabra 
Praxillella affinis pacifica 
Hippolytidae sp. Indet. 
Hannothoe imbricata 
Semele rubropincta 
Scalpellum columbianum 
Rhynchothalestris helgolandica 
Pentamera populifera 
Trochochaeta multisetosa 
Parapleustes sp. Indet. 
Eteone califomica 
Eupentacta pseudoquinquesemita 
Caulleriella hamata 
Phoronida sp. Indet. 
Fabia subquadrata 
Caprella striata 
Anthozoa sp. Indet. 
Eulalia levicomuta 
Crepipatella lingulata 
Notomastus lineatus 
Solen sicarius 
Gammaropsis thompsoni 
Laphania boecki 
Chaetozone setosa 

MAJOR 
TAXON 

ARTH 
ANN 
ARTH 
ARTH 
ARTH 
MISC 
MOLL 
MOLL 
MISC 
ARTH 
ANN 
ANN 
ANN 
MISC 
ARTH 
MOLL 
ANN 
MISC 
ANN 
ANN 
ARTH 
MOM. 
ANN 
ANN 
ARTH 
ANN 
MOLL 
ARTH 
ARTH 
MISC 
ANN 
ARTH 
ANN 
MISC 
ANN 
MISC 
ARTH 
ARTH 
MISC 
ANN 
MOLL 
ANN 
MOLL 
ARTH 
ANN 
ANN 

PER SQUARE METER 
-I- / - 1 STANDARD DEVIATION 

396.00 +/ - 20538 
36Z00 
292.00 

'284.00 
206.00 
186.00 
174.00 
140.00 
122.00 
110.00 
106.00 
106.00 
104.00 
100.00 
%.00 
90.00 
90.00 
86.00 
84.00 
72.00 
70.00 
70.00 
68.00 
66.00 
64.00 
62.00 
60.00 
50.00 
46.00 
44.00 
42.00 
42.00 
40.00 
38.00 
38.00 
36.00 
36.00 
34.00 
32.00 
32.00 
32.00 
32.00 
30.00 
28.00 
26.00 
26.00 

+ / • 

+ /-
+ / -
+ / -
+ /-
+ / -
+ / -
+ /-
+ / -
+ / -
+ /-
+ /-
+ / -
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ / -
+ /-
+ / -
+ /-
+ /-
+ /-
+ / -
+ /-
+ / -
+ /-
+ /-
+ /-
+ / -
+ /-
+ /-
+ / -
+ /-
+ /-
+ /-
+ /-
+ / -
+ /-
+ / -
+ /-
+ / -

163.88 
11531 
83.09 " 
74.73 
78.89 
72.83 
98.99 
5636 
69.28 

131.85 
17235 
3826 
35.78 
4923 
7239 
51.77 
32.62 

12639 
27.86 
34.06 
26.08 
5036 
52.76 
78.13 
35.44 
28.98 
10.95 
34.41 
25.77 
27.86 
38.68 • 
15.49 
1939 
29.93 
12.00 
12.00 
10.20 
3635 
4.00 

24.82 
17.20 
27,80 
1327 
17.44 
32.62 

PERCENT OF 
TOTAL 

731 
6.68 
539 
524 
3.80 
3.43 
321 
238 
775 
2.03 
1.96 
1.96 
1.92 
1.85 
1.77 
1.66 
1.66 
1.59 
135 
133 
1.29 
129 
1.26 
1.22 
L18 
1.14 
L l l 
0.92 
0.85 
0.81 
0.78 
0.78 
0.74 
0.70 
0.70 
0.66 
0.66 
0.63 
039 
039 
039 
039 
035 
032 
0.48 
0.48 

CUMULATIVE 
PERCENT 

731 
13.99 
1938 
24.62 
28.42 
31.86 
35.07 
37.65 
39.90 
41.93 

. 43.89 
45.85 
47.77 
49.61 
5138 
53.05 
54.71 
56.29 
57.84 
59.17 
60.47 
61.76 
63.01 
64.23 
65.41 
6636 
67.66 
6839 
69.44 
70.25 
71.02 
71.80 
7234 
73.24 
73.94 
74.60 
75.27 
75.90 
76.49 
77.08 
77.67 
78.26 
78.81 
7933 
79.81 
80.29 
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TABLE 4-8e. Dominant taxa and community population parsuneters for station T8-4. 

DOMINANT TAXA 

Bankia setacea 
Euphilomedes producta 
Cumacea sp. Indet. 
Cirratulus spectabilis 
Macoma yoldifomis 
Podocerus cristatus 
Exogone lourei 
Pista moorei 
Gastropteron padficum 
Platyhehainthes 
Nudibranchia sp. Indet. 
Balanus sp. Indet. (juvenile) 
Pista sp. Indet. 
Spio sp. Indet. 
Lepidasthenia longidrrata 
Sthenelais tertiaglabra 
Odontosyllis phosphorea 
Nemertea-Enopla sp. Indet. 
Lophopanopeus (megalops) 
Tellina nuculoides 
Dorvillea japonica 
Photis brevipes 
Myriochele heeri 
Orchomene pacifica 
Serpulidae sp. Indet. 
Melphisana sp. Indet. 
Harmothoe sp. Indet. 
Macoma obliqua 
Decamastus gracilis 
Ampelisca lobata 
Lepidonotus squamatus 
Paraonidae sp. Indet. 
Mytilidae sp. Indet. 
Ludnoma acutilineata 

MAJOR 
TAXON 

MOLL 
ARTH 
ARTH 
ANN 
MOLL 
ARTH 
ANN 
ANN 
MOLL 
MISC 
MOLL 
ARTH 
ANN 
ANN 
ANN 
ANN 
ANN 
MISC 
ARTH 
MOLL 
ANN 
ARTH 
ANN 
ARTH 
ANN 
ARTH 
ANN 
MOLL 
ANN 
ARTH 
ANN 
ANN 
MOLL 
MOLL 

MEAN NUMBER 
PER SQUARE METER 

+ / - 1 STANDARD DEVIATION 

24.00 +/- 1020 
22.00 
20.00 
20.00 
20.00 
20.00 
20.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
16.00 
16.00 
16.00 
16.00 
14.00 
14.00 
14.00 
14.00 
14.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 

+ / -
+ / -
+ / -
+ /-
+ / -
+/-
+ /-
+ / -
+ /-
+/-
+ /-
+ / -
+ / -
+ /-
+ /-
+ / -
+ /-
+ / -
+ / -
+ /-
+ / -
+ / -
+ / -
+ /-
+ / -
+ / -
+ / -
+ / -
+ /-
+ / -
+ /-
+ / -
+ /-

17.20 
22.80 
16.73 
24.49 
3521 
14.14 
7.48 

1833 
14.70 
7.48 

19.39 
77„27 
8.00 

1336 
10.20 
12.00 
2332 
14.97 
28.00 
1835 
10.20 
9.80 

11.66 
14.70 
19.39 
7.48 

11.66 
11.66 
11.66 
9.80 
7.48 
7.48 
7.48 

• ' • -

PERCENT OF 
TOTAL 

0.44 
0.41 
037 
037 
037 
037 
037 
0.33 
033 
0.33 
033 
0.33 
0.33 
0.30 
0.30 
0.30 
0.30 
0.26 
0.26 
0.26 
0.26 
0.26 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 

- • • — • ~ 

CUMULATIVE 
PERCENT 

80.73 
81.14 
8131 
81.88 
82.24 
82.61 
82.98 
83.31 
83.65 
83.98 
84.31 
84.64 
84.98 
85.27 
85.57 
85.86 
86.16 
86.42 
86.67 
86.93 
87.19 
87.45 
87.67 
87.89 
88.11 
8834 
88.56 
88.78 
89.00 
89.22 
89.44 
89.66 
89.89 
90.11 

Remaining taxa 128 536 9.89 

TOTAL= 

SIMPSON'S INDEX = 

SHANNON-WIENER INDEX = 

J (EVENESS) = 

208 Taxa 5418.00 +/- 1410.72 

0.030 +/- 0.004 

3.967 +/- 0.073 

0.743 
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TABLE 4-8f. Dominant taxa and community population parameters for station TlO-1. 

DOMINANT TAXA 

Rhynchothalestris helgolandica 
Paleonotus bellis 
Pista brevibranchiata . 
Heteromastus sp. Indet. 
Notomastus tenuis 
Tiron biocellata 
Spio sp. Indet. 
Photis brevipes 
Sigambra tentaculata 
Modiolus rectus 
Crustacea sp. Indet. 
Glyceridae sp. Indet. 
Harmothoe imbricata 
Cerebratulus sp. 1. 
Lepidasthenia longicirrata 
Pisdcolidae sp. Indet. 
Sthenelais tertiaglabra 
Prodea graffii 
Ampelisca hancocki 
Harmothoe sp. Indet. 
Eualus pusiolus 
Sthenelais berkeleyi 
Strongylocentrotus sp. Indet. 
TurbeUaria-Kalyptorhynchia sp. Indet. 
Isaeidae sp. Indet. 
Ampharetidae sp. Indet. 
Compsomyax subdiaphana 
Terebellides stroemi 
Corophium sp. Indet. 
Ischnochitonidae sp. Indet. 
Parapleustes sp. Indet. 

MAJOR 
TAXON 

ARTH 
ANN 

- ANN- -
ANN 
ANN 
ARTH 
ANN 
ARTH 
ANN 
MOM, 
ARTH 
ANN 
ANN 
MISC 
ANN 
ANN 
ANN 
ANN 
ARTH 
ANN 
ARTH 
ANN 
MISC 
MISC 
ARTH 
ANN 
MOLL 
ANN 
ARTH 
MOLL 
ARTH 

MEAN NUMBER 
PER SQUARE METER 

+ / - 1 STANDARD DEVL\TION 

912.00 -1-/- 10534 
654.00 
424.00 
392.00 
308.00 
218.00 
168.00 
148.00 
128.00 
124.00 
116.00 
114.00 
108.00 
108.00 
104.00 
94.00 
92.00 
80.00 
78.00 
64.00 
60.00 
56.00 
56.00 
52.00 
50.00 
38.00 
38.00 
34.00 
34.00 
30.00 
30.00 

+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ /-
+ / -
+ / -
+ /-
+ / -
+ /-
+ /-
+ / -
+ / -
+ /-
+ / -
+ / -
+ /-
+ /-
+ /-
+ /-
+ / -
+ / -

217.68 
120.-76 
79.85 
3635 
78.84 

113.03 
133.78 
38.68 

140.66 
71.44 
90.02 
7230 
4730 
42.24 
9932 
3230 
26.08 
3124 
3720 
2828 
7338 
4434 
2135 
16.73 
2135 
23.15 
2039 
5831 
26.83 
17.89 

PERCENT OF 
TOTAL 

16.80 
12.05 
7.81 
7.22 
5.67 
4.02 
3.10 
2.73 
236 
2.28 
2.14 
2.10 
1.99 
1.99 
1.92 
1.73 
1.69 
1.47 
1.44 
1.18 
1.11 
1.03 
1.03 
0.96 
0.92 
0.70 
0.70 
0.63 
0.63 
035 
035 

CUMULATIVE 
PERCENT 

16.80 
28.85 
36.66 
43.88 
4936 
53.57 
56.67 
59.40 
61.75 
64.04 
66.18 
68.28 
70.27 
72.25 
74.17 
75.90 
77.60 
79.07 

. 8031 
81.69 
82.79 
83.82 
84.86 
85.81 
86.74 
87.44 
88.14 
88.76 
8939 
89.94 
90.49 

Remaining taxa 81 516 931 

TOTAL= 

SIMPSON'S INDEX = 

SHANNON-WIENER INDEX = 

J (EVENESS) = 

112 Taxa 5428.00 +/- 509.41 

0.072 +/- 0.011 

3.153 -I-/- 0.165 

0.668 

4-65 



TABLE 4-8g. Dominant taxa and community population parameters for station Tll-7. 

DOMINANT TAXA 

Porifera sp. Indet. 
Hydroida (encrusting) sp. Indet. 

1 Cnidaria sp. Indet. 
Platyhelminthes 
Obelia sp. Indet. 

[ Thuiaria sp. Indet. 
Harmothoe imbricata 

; Pachycerianthus funbriatus 
j Sertulariidae sp. Indet. 

Ischyrocerus sp. Indet. 
Eualus pusiolus 

' j Polycladida sp. Indet. 
Tiron biocellata 
TurbeUaria-Kalyptorhynchia sp. Indet. 
Plumulariidae sp. Indet. 

. Onuphis sp. Juv. 
Odontosyllis phosphorea 
Diastylis paraspinulosa 
Anthozoa sp. Indet. 
PLsta brevibranchiata 

1 Nemertea-Enopla sp. Indet. 
Adontorhina cyclia 
Gastropteron padficum 
Halcampa decemententaculata 
CapreUa striata 
Lepidasthenia longicirrata 
Spionidae sp. Indet. 
Lepidonotus squamatus 
Paranaitis polynoides 

I HiateUa arctica 
Tenonia kit.sapensis 

1 Galathowenia oculata 
Cerebratulus sp. 1. 
Fabia subquadrata 

1 Harmothoe sp. Indet. 
1 Paleonotus beUis 

Amphiporus sp. Indet. 
Callianassa sp. Indet. (juvemle) 

I Halosydna brevisetosa 
j Leitoscoloplos pugettensis 

MAJOR 
TAXON 

MISC 
MISC 
MISC 
MISC 
MISC 
MISC 

- ANN 
MISC 
MISC 
ARTH 
ARTH 
MISC 
ARTH 
MISC 
MISC 
ANN 
ANN 
ARTH 
MISC 
ANN 
MISC 
MOLL 
MOLL 
MISC 
ARTH 
ANN 
ANN 
ANN 
ANN 
MOLL 
ANN 
ANN 
MISC 
ARTH 
ANN 
ANN 
MISC 
ARTH 
ANN 
ANN 

MEAN NUMBER 
PER SQUARE METER 

+ / - 1 STANDARD DEVL\TION 

182.00 +/- 5036 
130.00 
66.00 
42.00 
32.00 
28.00 
26.00 
20.00 
20.00 
18.00 
18.00 
18.00 
16.00 
14.00 
14.00 
12.00 
12.00 
10.00 
10.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
6.00 
6.00 
6.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 

+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ /-
+ /-
+ / -
+ /-
+ /-
+ / -
+ /-
+ /-
+ / -
+ /-
+ /-
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ /-
+ /-
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ /-
+ /-
+ / -
+ /-
+ / -

46.48 
36.11 
25.61 
25.61 
16.00 
47.16 
30.98 
20.98 
36.00 
7.7,27 
7.48 

22.45 
23.32 
D 3 6 
11.66 
11.66 
20.00 
632 

16.00 
4.00 

16.00 
16.00 
7.48 
9.80 
4.90 
8.00 
8.00 
4.90 
8.00 
4.90 
8.00 
4.90 
8.00 
4.90 
8.00 
4.90 
4.90 
4.90 
8.00 

PERCENT OF 
TOTAL 

19.96 
14.25 
7.24 
4.61 
331 
3.07 
2.85 
2.19 
2.19 
1.97 
1.97 
1.97 
1.75 
1.54 
1.54 
132 
1.32 
110 
1.10 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.66 
0.66 
0.66 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 

CUMULATIVE 
PERCENT 

19.96 
3421 
41.45 
46.05 
4936 
52.63 
55.48 
57.68 
59.87 
61.84 
63.82 
65.79 
6734 
69.08 
70.61 
71.93 
73.25 
74.34 
75.44 
76.32 
77.19 
78.07 
78.95 
79.82 
80.70 
8136 
82.02 
82.68 
83.11 
8335 
83.99 
84.43 
84.87 
8531 
85.75 
86.18 
86.62 
87.06 
87.50 
87.94 

4-66 



TABLE 4-8g. Dominant taxa and community population parameters for station Tll-7. 

DOMINANT TAXA 

Euphilomedes carcharodonta 
PhyUododde sp. Indet. 
Asychis similis 
PraxiUeUa affmis pacifica 
Dexamonica reduncans 

MAJOR 
TAXON 

ARTH 
ANN 

. ANN 
ANN 
ARTH 

MEAN NUMBER 
PER SQUARE METER 

+ / - 1 STANDARD DEVL\TION 

4.00 +/ - 8.00 
4.00 +/ -
4.00 +/ -
4.00 +/ -
4.00 +/ -

4.90 
4.90 
8.00 
8.00 

PERCENT OF 
TOTAL 

0.44 
0.44 
0.44 
0.44 
0.44 

CUMULATIVE 
PERCENT 

8838 
88.82 
8925 
89.69 
90.15 

Remaining taxa 45 90 9.87 

TOTAL= 

SIMPSON'S INDEX = 

SHANNON-WIENER INDEX = 

90 Taxa 

J (EVENESS) = 

912.00 +/- 284.84 

0.097 +/- 0.032 

2.775 +/- 0386 

0.617 

4-67 



TABLE 4.8h. Dominant taxa and community population parameters for station T12-1. 

DOMINANT TAXA 

Notomastus tenuis 
Paleonotus beUis 
Rhynchothalestris helgolandica 
Tiron bioceUata 

MAJOR 
TAXON 

ANN 
ANN 
ARTH 
ARTH 

MEAN NUMBER 
PER SQUARE METER 

+ / - 1 STANDARD DEVIATION 

9028.00 + / - 809134 
490.00 + / - 583.61 
214.00 +/- 1%.43 
148.00 + / - 114.44 

PERCENT OF 
TOTAL 

82.89 
430 
1.96 
136 

_ -

CUMULATIVE 
PERCENT 

82.89 
8739 
8935 
90.71 

Remaining taxa 72 1012 9.29 

TOTAL= 

SIMPSON'S INDEX = 

SHANNON-WIENER INDEX = 

J (EVENESS) = 

76 Taxa 10892.00 +/- 902739 

0323 +/- 0302 

1.388 +/- 0.853 

0.320 

4-68 



TABLE 4-8i. Dominant taxa and community population parameters for station T16-1. 

DOMINANT TAXA 

Porifera sp. Indet. 
Euphilomedes carcharodonta 
Cnidaria sp. Indet. 
Tiron biocellata 
Paraonidae sp. Indet. 
Onuphis sp. Juv. 
Unidentified egg 
Ampharete acutifrons 
Decamastus gracilis 
Thuiaria sp. Indet. 
CapreUa striata 
Syllis heterochaeta 
Eualus pusiolus 
Pachycerianthus fimbriatus 
Harmothoe sp. Indet. 
Lyonsia arenosa 
Jmib5U.aria-Kalyp_torhynchia.sp._Indet._. 
Nephtys ferruginea 
Bryozoa-Cheilostomata-Anasca sp. Indet. 
Photis sp. Indet. 
Polydora sp. Indet. 
Pista moorei 
Solen sicarius 
Rhynchothalestris helgolandica 
Cinatulus cirratus 
Mediomastus califomiensis 
Polycladida sp. Indet. 
Cerebratulus sp. 1. 
Amphicteis glabra 
Axinopsida serricata 
Aoroides sp. Indet. 
Paraprionospio pinnata 
Goniada brunnea 
Pardalisca tenuipes 
Callianassa sp. Indet. (juvenile) 
Ophiodromus pugettensis 
Paleonotus bellis 
Chaetopteridae sp. Indet. 
Tharyx multifilis 
Macoma yoldifomis 
Balanus crenatus 
HiateUa arctica 
Corophium ascherusicum 
Boccardia pugettensis 
Parathemisto padfica 

MAJOR 
TAXON 

MISC 
ARTH 
MISC 
ARTH 
ANN 
ANN 
MISC 
ANN 
ANN 
MISC 
ARTH 
ANN 
ARTH 
MISC 
ANN 
MOM, 
MISC 
ANN 
MISC 
ARTH 
ANN 
ANN 
MOLL 
ARTH 
ANN 
ANN 
MISC 
MISC 
ANN 
MOLL 
ARTH 
ANN 
ANN 
ARTH 
ARTH 
ANN 
ANN 
ANN 
ANN 
MOLL 
ARTH 
MOLL 
ARTH 
ANN 
ARTH 

MEAN NUMBER 
PER SQUARE METER 

+ / - 1 STANDARD DEVL^TION 

910.00 + / - 217.81 
790.00 
282.00 
248.00 
166.00 
148.00 
152.00 
120.00 
98.00 
98.00 
96.00 
84.00 
68.00 
64.00 
62.00 
60.00 
58.00 
56.00 
48.00 
38.00 
36.00 
34.00 
32.00 
32.00 
32.00 
28.00 
28.00 
28.00 
26.00 
26.00 
26.00 
24.00 
24.00 
24.00 
22.00 
22.00 
22.00 
20.00 
20.00 
20.00 
18.00 
18.00 
18.00 
18.00 
18.00 

+ /-
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ /-
+ /-
+ / -
+ /-
+ / -
+ /-
+ / -
+ / -
+ /-
+ /-
+ /-
+ /-
+ /-
+ / -
+ /-
+ /-
+ / -
+ / -
+ /-
+ / -
+ /-
+ /-
+ / -
+ / -
+ /-
+ / -
+ /-
+ /-
+ /-
+ / -
+ / -
+ /-
+ / -
+ / -
+ /-
+/-
+ / -

20938 
57.76 

128.90 
13720 
6833 
23.15 
14.14 
39.70 
7521 
36.11 
24.17 
3635 
14.97 
33.70 
38.99 
17.20 
2939 
44.00 
13.27 
28.71 
2039 
16.00 
46.65 
23.15 
7.48 

23.15 
1939 
2332 
1336 
8.00 
4.90 

10.20 
24.17 
17.20 
44.00 
1939 
26.08 
16.73 
18.97 
7.48 

11.66 
1833 
1939 
24.00 

PERCENT OF 
TOTAL 

18.76 
16.28 
5.81 " 
5.11 
3.42 
3.05 
2.72 
2.47 
2.02 
2.02 
1.98 
1.73 
1.40 
132 
1.28 
124 
120 
1.15 ~" 
0.99 
0.78 
0.74 
0.70 
0.66 
0.66 
0.66 
038 
038 
038 
034 
034 
034 
0.49 
0.49 
0.49 
0.45 
0.45 
0.45 
0.41 
0.41 
0.41 
037 
037 
037 
037 
037 

CUMULATIVE 
. PERCENT 

18.76 
35.04 

- - 40.85 
45.96 
49.38 
52.43 
55.15 
57.63 
59.65 
61.67 
63.64 
6538 
66.78 
68.10 
69.37 
70.61 
71.81 
72.96 
73.95 
74.73 
75.47 
76.17 
76.83 
77.49 
78.15 
78.73 
7931 
79.88 
80.42 
80.% 
81.49 
81.99 
82.48 
82.98 
83.43 
83.88 
8434 
84.75 
85.16 
8537 
85.94 
8631 
86.69 
87.06 
87.43 

4-69 



TABLE 4-8i. Dominant taxa and community population parameters for station T16-1. 

DOMINANT TAXA 

Hyperiidae sp. Indet. (juvenUe) 
Diastylis paraspinulosa 
Pista brevibranchiata 
Tubulanus sp. Indet. 
Plumulariidae sp. Indet. 
Phoxocephalidae sp. Indet. 
Musculus cf. olivaceus 
Asychis similis 

MAJOR 
TAXON 

ARTH 
ARTH 
ANN 
MISC 
MISC 
ARTH 
MOLL 
ANN 

MEAN NUMBER 
PER SQUARE METER 

+7-1 STANDARD DEVIATION 

18.00 +/ - 1720 
18.00 + / -
18.00 +/ -
16.00 +/ -
16.00 +/ -
16.00 +/-
16.00 +/ -
14.00 +/-

24.00 
24.00 
2039 
8.00 

12.00 
22.45 
4.90 

PERCENT OF 
TOTAL 

037 
037 
037 
0.33 
0.33 
033 
033 
0.29 

CUMULATIVE 
PERCENT 

87.80 
88.17 
88.54 
88.87 
89.20 
8933 
89.86 
90.15 

Remaining taxa 90 478 9.85 

TOTAL = 

SIMPSON'S INDEX = 

SHANNON-WIENER INDEX = 

J (EVENESS) = 

143 Taxa 4852.00 +/- 863.84 

0.080 +/ - 0.012 

3311 +/- 0.107 

0.667 

4852.00 
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TABLE 4-8j. Dominant taxa and community population parameters for station T16-4. 

DOMINANT TAXA 

Prionospio steenstmpi 
CUnocardium sp. Indet. 
Nephtys femigjnea _ -
Rhepoxynius daboius 
Euphilomedes producta 
Cucumaria sp. 2 Indet. 
Notomastus tenuis 
Compsomyax subdiaphana 
Pectinaria califomiensis 
Polydora brachycephala 
Diopatra omata 
Nuculana fossa 
Lyonsia arenosa 
SabeUidae sp. Indet. 
Pinnixa cf. schmitti 
Myriochele heeri 
Glycera capitata 
Metaphoxus frequens 
Lumbrineris sp. Indet. 
Tharyx multifdis 
Amphicteis glabra 
Nephtys comuta frandscanum 
Polydora sociaUs 
Orchomene pacifica 
Protomedeia penates/prudens 
Polycirrus sp. complex 
Macoma cf. moesta alaskana 
Pentamera sp. Indet. 
Spiophanes berkeleyorum 
Golfmgia minuta 
Mya arenaria 
Bivalvia sp. Indet. 
Glycymeris subobsoleta 
Euphilomedes carcharodonta 
Opheliidae sp. Indet. 
Rhodine bitorquata 
Spiochaetopterus costerum 
Sertulariidae sp. Indet. 
Nebalia pugettensis 
Prodea graffii 
EudoreUa pacifica 
Mediomastus sp. Indet. 
Leitoscoloplos pugettensis 
Chaetozone setosa 
Goniada bmnnea 

MAJOR 
TAXON 

ANN 
MOLL 
ANN 
ARTH 
ARTH 
MISC 
ANN 
MOLL 
ANN 
ANN 
ANN 
MOLL 
MOLL 
ANN 
ARTH 
ANN 
ANN 
ARTH 
ANN 
ANN 
ANN 
ANN 
ANN 
ARTH 
ARTH 
ANN 
MOLL 
MISC 
ANN 
MISC 
MOLL 
MOLL 
MOLL 
ARTH 
ANN 
ANN 
ANN 
MISC 
ARTH 
ANN 
ARTH 
ANN 
ANN 
ANN 
ANN 

MEAN NUMBER 
PER SQUARE MH TER 

+ / - 1 STANDARD DEVL\TION 

252.00 +/ - 105.72 
84.00 
84.00 
68.00 
62.00 
48.00 
38.00 
30.00 
28.00 
28.00 
26.00 
24.00 
24.00 
20.00 
20.00 
18.00 
18.00 
16.00 
16.00 
16.00 
16.00 
14.00 
14.00 
14.00 
12.00 
12.00 
10.00 
10.00 
10.00 
10.00 
10.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
6.00 
6.00 
4.00 
4.00 

+ /-
+ /-
+ /-
+ / -
+ /-
+/-
+ / -
+ / -
+ /-
+ /-
+ /-
+ /-
+/-
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ / -
+ / -
+ /-
+ /-
+/-
+ /-
+ /-
+ /-
+ / -
+ / -
+ / -
+/-
+ /-
+ /-
+ /-
+ /-
+ / -

57.83 
4434 
11.66 
31.87 
2638 
1939 
21.91 
11.66 
23.15 
18.55 
1336 
8.00 

18.97 
632 

11.66 
7.48 
4.90 

1336 
8.00 
4.90 

14.97 
10.20 
12.00 
7.48 

11.66 
20.00 
632 
8.94 
632 

10.95 
16.00 
4.00 

11.66 
7.48 
7.48 
4.00 
7.48 

11.66 
7.48 
7.48 
4.90 
8.00 
8.00 
8.00 

PERCENT OF 
TOTAL 

19.06 
6.35 
635 
5.14 
4.69 
3.63 
2.87 
7 77 
2.12 
2.12 
1.97 
1.82 
1.82 
131 
131 
136 
1.36 
121 
121 
121 
121 
1.06 
1.06 
1.06 
0.91 
0.91 
0.76 
0.76 
0.76 
0.76 
0.76 
0.61 
0.61 
0.61 
0.61 
0.61 
0.61 
0.61 
0.61 
0.61 
0.61 
0.45 
0.45 
030 
030 

• 

CUMULATIVE 
PERCENT 

19.06 
25.42 
31.77 " 
36.91 
41.60 
4523 
48.11 
5038 
52.50 
54.61 
5638 
58.40 
6021 
61.72 
63.24 
64.60 
65.96 
67.17 
6838 
6939 

. • 7 0 . 8 0 
71.86 
72.92 
73.98 
74.89 
75.79 
7635 
7731 
78.06 
78.82 
79.58 
80.18 
80.79 
8139 
82.00 
82.60 
8321 
83.81 
84.42 
85.02 
85.63 
86.08 
8634 
86.84 
87.14 
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TABLE 4-8j. Dominant taxa and community population parameters for station T16-4. 

DOMINANT TAXA 

Nassarius mendicus 
Scoloplos acmeceps 
Pholoe minuta 
PhyUodoce hartmanae 
Maldanidae sp. Indet. 
Ariddea nr. A. suedca 
CyUndroleberidinae sp. Indet. 
HiateUa arctica 
Clymenura colulmbiana 
Phyllodoce groenlandica 

MAJOR 
TAXON 

MOLL 
A>JN 
ANN 
ANN 
ANN 
ANN 
ARTH 
MOLL 
ANN 
ANN 

MEAN NUMBER 
PER SQUARE METER 

+ / - 1 STANDARD DEVL\TION 

4.00 +/ - 8.00 
4.00 + / -
4.00 +/ -
4.00 +/ -
4.00 +/-
4.00 +/-
4.00 +/-
4.00 +/ -
4.00 +/ -
4.00 +/-

8.00 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
8.00 

-
PERCENT OF 

TOTAL 

030 
0.30 
030 
030 
030 
030 
030 
0.30 
030 
030 

— 
CUMULATIVE 

PERCENT 

87.44 
87.75 
88.05 
8835 
88.65 
88.96 
89.26 
89.56 
89.86 
90.17 

Remaining taxa 52 130 9.83 

TOTAL = 

SIMPSON'S INDEX = 

SHANNON-WIENER INDEX = 

J (EVENESS) = 

107 Taxa 1322.00 +/- 20624 

0.060 +/- 0.026 

3329 +/ - 0.267 

0.712 
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TABLE 4-8k. Dominant taxa and community population parameters for station T22-1. 

MEAN NUMBER 

DOMINANT TAXA 

Prionospio steenstmpi 
Euphilomedes carcharodonta 
Armandia brevis 
Prionospio lighti 
Lumbrineris sp. Indet. 
Exogone lourei 
Mediomastus califomiensis 
Spiochaetopterus costenun 
EudoreUa pacifica 
Kefersteinia drrata 
Oligochaeta sp. Indet. 
Metaphoxus fultoni 
ProtodorvUlea gracilis 
Macoma carlottensis 
Leptochelia savignyi 
Eumida sanguinea 
SyUis heterochaeta 
Notomastus tenuis 
Laonice pugettensis 
Chaetozone sp. 1 
Glycera capitata 
Platynereis bicanaliculata 
Euphilomedes producta 
Polydora sodaUs 
Cancer sp. Indet. (larvae & juvenile) 
CauUerieUa hamata 
Heterophoxus oculatus 
Pandora filosa 
Dexamonica reduncans 
Lophopanopeus beUus (larvae & adult) 
Amphiporus sp. Indet. 
Tharyx multifilis 
Balanus sp. Indet. (juvenile) 
EulaUa levicomuta 
Cinatulus dnatus 
PhyUodoce hartmanae 
AeoUdacea sp. Indet. 
Balanus crenatus 
Mysella tumida 
Nephtys fermginea 
Plumulariidae sp. Indet. 
Gyptis brevipalpa 
Nematoda sp. Indet. 
Nereis procera 
Astarte alaskensis 

MAJOR 
TAXON 

ANN 
ARTH 
ANN 
ANN 
ANN 
ANN 
ANN 
ANN 
ARTH 
ANN 
ANN 
ARTH 
ANN 
MOLL 
ARTH 
ANN 
ANN 
ANN 
ANN 
ANN 
ANN 
ANN 
ARTH 
ANN 
ARTH 
ANN 
ARTH 
MOLL 
ARTH 
ARTH 
MISC 
ANN 
ARTH 
ANN 
ANN 
ANN 
MOLL 
ARTH 
MOM, 
ANN 
MISC 
ANN 
MISC 
ANN 
MOLL 

PER SQUARE MEIER 
+ / - 1 STANDARD DEVIATION 

1840.00 +/- 62835 
1634.00 
1190.00 
780.00 
542.00 
434.00 
392.00 
382.00 
336.00 
254.00 
216.00 
212.00 
188.00 
176.00 
168.00 
166.00 
140.00 
112.00 
110.00 
106.00 
104.00 
104.00 
96.00 
94.00 
90.00 
88.00 
80.00 
80.00 
76.00 
74.00 
70.00 
68.00 
64.00 
62.00 
62.00 
60.00 
60.00 
58.00 
56.00 
52.00 
50.00 
50.00 
50.00 
48.00 
46.00 

+ /-
+ /-
+ /-
+ /-
+ /-
+ /-
+ / -
+ / -
+ / -
+ /-
+ / -
+ /-
+ /-
+ /-
+ /-
+ / -
+ / -
+ /-
+ /-
+ /-
+ /-
+ /-
+ / -
+ / -
+ / -
+ / -
+ /-
+ /-
+ /-
+ /-
+ / -
+ / -
+ /-
+ /-
+ /-
+ /-
+ / -
+ / -
+ / -
+ /-
+ / -
+ /-
+ / -
+ / -

1196.14 
431.65 
356.48 
116.00 
161.94 
18734 
98.67 

11723 
119.60 
142.07 
63.69 

12234 
88.23 
4730 
8432 

115.59 
1939 
3521 
58.86 
33.82 
6530 
4030 
69.46 
36.88 
37.63 
26.08 
22.80 
34.41 
26.53 
46.90 
16.00 
48.00 
5231 
29.93 
26.08 
38.47 
27.86 
2332 
38.68 
6733 
29.66 
20.00 
77 77 
34.41 

PERCENT OF 
TOTAL 

1431 
12.88 
938 
6.15 
4.27 
3.42 
3.09 
3.01 
2.65 
2.00 
1.70 
1.67 
1.48 
139 
132 
131 
1.10 
0.88 
0.87 

.0.84 
0.82 
0.82 
0.76 
0.74 
0.71 
0.69 
0.63 
0.63 
0.60 
0.58 
035 
034 
030 
0.49 
0.49 
0.47 
0.47 
0.46 
0.44 
0.41 
039 
039 
0.39 
0.38 
036 

CUMULATIVE 
PERCENT 

1431 
2739 
36.78 
42.93 
47.20 
50.62 
53.71 
56.73 
5938 
61.38 
63.08 
64.75 
66.24 
67.62 
68.95 
70.26 
71.36 
72.24 
73.11 
73.95 
74.77 
7539 
76.34 
77.09 
77.80 
78.49 
79.12 
79.75 
80.35 
80.93 
81.49 
82.02 
8233 
83.02 
83.50 
83.98 
84.45 
84.91 
8535 
85.76 
86.15 
86.55 
86.94 
8732 
87.68 
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TABLE 4-8k. Dominant taxa and community population parameters for station T22-1. 

DOMINANT TAXA 

Polydora pygidialis 
Eteone califomica 
SyUis elongata 
Melita desdichada 
Hesionidae sp. Indet. 
DiastyUs sp. B 
Pectinaria sp. Juv 

Remaining taxa 

MAJOR 
TAXON 

ANN 
ANN 
ANN 
ARTH 
ANN 
ARTH 
ANN 

MEAN NUMBER 
PER SQUARE METER 

+ / - 1 STANDARD DEVIATION 

46.00 +/-
46.00 +/-
46.00 +/-
44.00 +/-
44.00 +/-
42.00 +/-
42.00 +/-

24.17 
41.28 
36.66 
16.25 
37.20 
1939 
17.20 

PERCENT OF 
TOTAL 

036 
036 
036 
035 
035 
0.33 
033 

CUMULATIVE 
PERCENT 

88.05 
88.41 
88.77 
89.12 
89.47 
89.80 
90.13 

142 1252 9.87 

TOTAL= 

SIMPSON'S INDEX = 

SHANNON-WIENER INDEX = 

194 Taxa 

J (EVENESS) = 

12682.00 +/- 3004.10 

0.065 +/- 0.021 

3312 +/- 0.205 

0.667 
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TABLE 4-81. Dominant taxa and community population parameters for station T22-2. 

- -DOMINANT TAXA 

EuphUomedes carcharodonta 
Prionospio steenstmpi 
Prionospio lighti 
Euphilomedes producta 
Lumbrineris sp. Indet. 
Mediomastus califomiensis 
Pholoides aspera 
EudoreUa pacifica 
Cerebratulus sp. 1. 
Tharyx multifilis 
Balanus sp. Indet. (juvenile) 
Exogone lourei 
LeptocheUa savignyi 
Pinnixa cf. schmitti 
Pectinaria califomiensis 
Modiolus rectus 
Metaphoxus fultoni 
Polydora sodaUs 
Kefersteinia cinata 
Cardiomya califomica 
Glycera capitata 
Aha gausapata 
Ludnoma acutilineata 
Cinatulus cirratus 
Nicomache personata 
Spiochaetoptems costemm 
SyUis heterochaeta 
Nereis waUesi 
Heterophoxus oculatus 
Velutina velutina 
Polydora brachycephala 
Pectinaria sp. Juv 
Spiophanes berkeleyomm 
OUgochaeta sp. Indet. 
Notomastus tenuis 
OpheUidae sp. Indet. 
Cucumaria sp. 1 Indet. 
Diopatra omata 
CauUerieUa hamata 
DorviUea japonica 
Armandia brevis 
Polynoidae sp. Indet. 
ProtodorviUea grarilis 
Eulalia bUineata 
Laonice pugettensis 

MAJOR 
TAXON-

ARTH 
ANN 
ANN 
ARTH 
ANN 
ANN 
ANN 
ARTH 
MISC 
ANN 
ARTH 
ANN 
ARTH 
ARTH 
ANN 
MOLL 
ARTH 
ANN 
ANN 
MOLL 
ANN 
MOLL 
MOLL 
ANN 
ANN 
ANN 
ANN 
ANN 
ARTH 
MOM, 
ANN 
ANN 
ANN 
ANN 
ANN 
ANN 
MISC 
ANN 
ANN 
ANN 
ANN 
ANN 
ANN 
ANN 
ANN 

MEAN NUMBER 
PER SQUARE MEIER 

+ / - 1 STANDARD DEVIATION 

1834.00 + / - 579.85 
1088.00 
692.00 
618.00 
326.00 
290.00 
286.00 
280.00 
258.00 
777,00 
210.00 
200.00 
184.00 
182.00 
162.00 
142.00 
136.00 
126.00 
116.00 
108.00 
100.00 
74.00 
74.00 
74.00 
70.00 
70.00 
70.00 
66.00 
64.00 
62.00 
62.00 
58.00 
58.00 
56.00 
52.00 
50.00 
48.00 
46.00 
42.00 
42.00 
42.00 
36.00 
40.00 
40.00 
34.00 

+ /-
+ /-
+ / -
+ /-
+ /-
+ / -
+ /-
+ / -
+ / -
+ /-
+ / -
+ / -
+ /-
+ /-
+ / -
+ / -
+ / -
+ /-
+ /-
+ /-
+ / -
+ / -
+ / -
+ / -
+ /-
+ / -
+ / -
+ / -
+ / -
+ / -
+ /-
+ / -
+ / -
+ / -
+ /-
+ /-
+ /-
+ / -
+ /-
+ /-
+ /-
+ / -
+ /-
+ /-

37L13 
41038 
7.75.69 
25.77 

10334 
108.74 
10733 
106.28 
100.68 
420.00 

76.94 
4030 

129.98 
65.54 
47.92 
69.46 
88.23 
43.63 
8332 
26.08 
65.60 
41.28 
12.00 
70.14 
37.42 
45.17 
34.99 
2039 
24.82 
71.67 
59.46 
43.08 
38.78 
4534 
52.92 
27.86 
32.00 
25.61 
50.75 
24.82 
2939 
24.49 

0.00 
1835 

PERCENT OF 
TOTAL _ 

1837 
10.90 
6.93 
6.19 
3.27 
2.91 
2.87 
2.81 
238 
2.22 
2.10 
2.00 
1.84 
1.82 
1.62 
1.42 
136 
1.26 
1.16 
1.08 
1.00 
0.74 
0.74 
0.74 
0.70 
0.70 
0.70 
0.66 
0.64 
0.62 
0.62 
038 
038 
036 
032 
030 
0.48 
0.46 
0.42 
0.42 
0.42 
036 
0.40 
0.40 
034 

CUMULATIVE 
PERCENT^.'. 

1837 
29.27 
36.21 
42.40 
45.66 
48.57 
51.43 
54.24 
56.82 
59.05 
61.15 
63.15 
65.00 
66.82 
68.44 
69.87 
71.23 
72.49 
73.65 
74.73 
75.74 
76.48 
77.22 
77.% 
78.66 
7936 
80.06 
80.73 
8137 
81.99 
82.61 

83.19 
83.77 
8433 
84.85 
8535 
85.83 
8630 
86.72 
87.14 
8736 
87.92 
8832 
88.72 
89.06 
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TABLE 4-81. Dominant taxa and community population p<irameters for station T22-2. 

DOMINANT TAXA 

Eumida sanguinea 
Amphicteis glabra 
Bowerbankia gradUs 
Polydora sp. Indet. 

MAJOR 
TAXON 

ANN 
ANN 
MISC 
ANN 

MEAN NUMBER 
PER SQUARE METER 

+ / - 1 STANDARD DEVIATION 

32.00 +/- 13.27 
30.00 +/ -
30.00 +/ -
28.00 +/-

10.95 
20.00 
16.00 

PERCENT OF 
TOTAL 

032 
030 
030 
0.28 

CUMULATIVE 
PERCENT 

8938 
89.68 
89.98 
90.26 

Remaining taxa 135 972 9.74 

TOTAL = 

SIMPSON'S INDEX = 

SHANNON-WIENER INDEX 

J (EVENESS) = 

184 Taxa 9982.00 +/ - 191739 

0.068 +/- 0.011 

3.448 +/ - 0.081 

0.661 
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î  B,-Vr- • H , . B -fMa-1 — • 1 1 1 • I ^ ^ T • r 
500 1000 1500 2000 2500 3 0 0 0 3 5 0 0 4 0 0 0 4500 5 0 0 0 

CONCENTRATION IN ppb 

Parklna Lot 

\ 

I 

1 

\ 1 
j 1 

8 10 12 14 16 18 20 22 24 26 28 

y 
0. 
2 < 
CO 

cc 
UJ 
m 
2 
3 
Z 

2 

CONCENTRATION IN ppb 

Figure 4-58. 
Distribution of 
Dissolved Copper Concentration 
Data in Groundwater 

10 

y 
0. 

IC 

2 
3 
Z 

. All Samples _, 

« V * * — I — . — i . I • " ' I •«" • • — i • P" P" i ' 
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 

CONCENTRATION IN ppb 

. - * • • • I i — I 1 1 i • — • L - ^ t 1 t i l l • I i I • L—M 1 . 1 . L 

Stack 

10 15 20 2 5 30 35 4 0 45 50 55 60 65 70 75 8 0 85 

CONCENTRATION IN ppb i 



18 

16 

14 

y 12 
0. 
2 < 
CO 

2 
3 
Z 

10 

2 

4 

y 
a. 
2 

O 
CC 
UJ 
ID 
2 
3 
Z 

4.98 

Plant 

'i 

i 

10 I S 20 25 3 0 3 5 40 

CONCENTRATION IN ppb 

45 5 0 55 

Parking Lot -

— I 1 • • 1 • I — 
5.02 5.04 5.06 5.08 

CONCENTRATION IN ppb 

5.1 
f 

5 .12 

Figure 4-59. 
Distribution of \ 
Dissolved Lead Concentration 
Data In Groundwater { 

30 

25 

y 20 
a 
2 
1k 
O 
CC 
UJ 

m 
2 
3 
Z 

15 

10 

i 

I 
10 

All Samples 

— I — 
15 

—•— 
3 0 

10 8 

y 
I 5 

cc 
UJ 

3 
Z „ 

I 

20 25 35 4 0 45 

CONCENTRATION IN ppb 

— I — 
10 

— I — 
12 

— I — 
14 16 

— I — 
18 2 0 2 2 

CONCENTRATION IN ppb 

50 
— r 
55 

Stack 

—r— 
24 26 



40 

35 

30 
CO 

y 25 
0. 

3 20 
u. 
O 

1 5 

1 0 

5 

oc 
UJ 
ID 
2 
3 
Z - ia 

II 
^ ^ 2 E ^ 

. All Samples 

- A J B -
' — I • r 

200 4 0 0 600 8 0 0 

CONCENTRATION IN ppb 

1 • — — I • 

1000 1200 1400 

10 

y 
2 < 
10 

cc 
UJ 
10 
2 
3 
Z 

25 

20 

15 

10 

t l 
'1 

200 

Plant 

— I — 

600 600 
.a-^ 

4 0 0 6 0 0 600 1000 

CONCENTRATION IN ppb 

1200 1400 

CO 

CL 6 
2 

5 5] 
u. 
O 
CC 
UJ 
ID 
2 

Stack -

30 30.1 30.2 30.3 30.4 30 5 30.6 30.7 30 8 30 9 31 

CONCENTRATION IN ppb 

y 
2 

OC 
UI 

2 
3 

t 

Parking Lot -

30 30 1 30 2 30.3 30 4 30 .5 30.6 30.7 30 .8 30.9 31 

CONCENTRATION IN ppb 

Figure 4-60. 
Distribution of 
Dissolved Nickel Concentration 
Data in Groundwater 



5 0 

45 

4 0 

g 35 

I 30 

^ 25 
O 
£ 2 0 
ID 

z 

10. 

5 

0 
M 

50 

All Samples 

— I — 
100 

irfSy Wl , B f -

150 2 0 0 

CONCENTRATION IN ppb 

— I 
2 5 0 

— I — 
3 0 0 350 

4 0 

35 

3 0 
CO 

y 
o! 25 

n 2 0 

£ 15 
CD 

2 
i 10 

—I • - * 

Plant 

20 4 0 60 8 0 
|3 P.H.K^ r^S^ — i — • — 1 — > — I 1 - r~ • ~ i ~ ^ — I — I — i — n — r 

100 120 140 160 180 2 0 0 2 2 0 240 

CONCENTRATION IN ppb 

O 
CC 
UI 
CD 

2 
3 
Z 

e .. 

2 -

Stack . 

— i 1 1 > 1 > I 
50 100 150 200 

CONCENTRATION IN ppb 

250 3 0 0 350 

CO 

y 
Q . 
2 < 
10 
IL 
O 
CC 
UJ 
10 
2 
3 
Z 

4.98 

p A r k I n n B n t 

1 

1 

T 1 ' 1 1 1 1 • 1 • 1 1 1 1 n 
5.02 5.04 5.06 5.08 

CONCENTRATION IN ppb 

5.1 5.12 

Figure 4-61. 
Distribution of ; 
Dissolved Selenium Concentration 
Data In Groundwater 



45. 

40 J 

35 

CO 30 

y ^ 

25 

20 

a. 
2 

cc 
UJ 
CD 
2 
3 
Z 

15 

10. 

% J ^ 
5000 

-H, 
10000 15000 20000 

CONCENTRATION IN ppb 

All Samples -

25000 3 0 0 0 0 

35 

30 

CO 25 

Q. 

I 20 
CO 

£ '5 
CD 

2 
? 10 

5 

I 
8 

^ ^ pi H. JB-
5000 10000 15000 20000 

CONCENTRATION IN ppb 

Plant 

25000 30000 

CO 

y 

oc 
UJ 
ID 
2 
3 
Z 

• I -

20 
— I — 
40 6 0 80 

CONCENTRATION IN ppb 

— I — 
100 

stack 

120 140 

a 
2 < 
in 
IL 
O 
oc 
UJ 
ID 
2 
3 
Z 

^ — I ' - 1 • I • 1 — 
1 0 1 2 1 4 1 6 

CONCENTRATION IN ppb 

Parking Lot 

IBI 

18 

— 
— 

20 

Figure 4-62. 
Distribution of 
Dissolved Zinc Concentration 
Data in Groundwater 



Arsenic Detection Limit — 6.0 ppb 

Copper Detection Limit — 8.0 ppb 

Zinc' Delecllon Limit — 8.0 ppb 

Figure 4-63. j 
Total Arsenic, | 
Copper, and Zinc in Ground Water 



Arsenic Detection Limit — 6.0 ppb 

Copper Detection Limit — 8.0 ppb 

Zinc Detec^lion Limit -r- 8.0 ppb 

Figure 4-64. 
Dissolved Arsenic, 
Copper, and Zinc in Ground Water 



SCALE IN FEET 

175 350 TP-1 • Test Pit Locations 

Figure 4-65. 
Test Pit 
Sampling Locations 



E 
§: 
2 -
Z 
o i 
I -z 
UJ o z o o 
u. 
o 
C3 
Q 

1000 

100 

10 

> — CI 

• 

^5 

0.1 ^ 

PV-I 

'•-
•o-
••-

•a-
• ^ 

TP-I 

TP<3 

TP.6 

TP.7 

TP-« 

PV-2 PV<3 

PORE VOLUME 

PV4 PV-5 

Soil Arsenic Concentrations 

TestPK 
Number 

TP-1 

TP<} 

TP-6 
TP-7 

TP-8 

Matrix 

Granular Rll 

Granular Rll 

Granular Rll 

Granular Rll 

Slag Rll 

Total 
(In ppm) 

2.305 

4,200 

30.375 

10 

9,950 

EP Toxicity 
(In ppm) 

0.027 

3.5 
31 

0.033 

0.013 

Leaching Test 
(In ppm) 

5.3 

29 

353 

0.026 

0.061 

Figure 4-66. 
Dissolved Arsenic Concentrations 
in Leachate Water 

4-138 



1000 

E 
a. 
Q. 

Z 
O 
!< a. 
\-
z 
m 
o 
z 
o 
o 
li. 

o 
o o 

1 • -

••-

•o-

• • -

•D-

- ^ 

TP-1 

TP<3 

TP-6 

TP-7 

TP-8 

0.01 

0.001 

PV-1 PV.2 

• 1 

PV-3 

PORE V O L U M E 

PV-4 PV-5 

Soil Copper Concentrations 

Test Pit 
Number 

TP-1 

TP-3 

TP-6 
TP.7 

TP-« 

Matrix 

Granular Rll 

Granular Rll 

Granular Rll 

Granular Rll 

Slag Rll 

Total 
(In ppm) 

217 

1,633 

515 

136 

45,250 

EP Toxicity 
(in ppm) 

0.024 

4.2 

0.99 

ND 

1.-6 

Leaching Test 
(in ppm) 

0.055 

63 
9.4 

0.013 

0.073 

Rgure 4-67. 
Dissolved Copper Concentrations 
in Leachate Water 

4-139 



E 

2 
O 

I 
1-z 
Ol o z o o 
u. 

o 
o 
o 

100 o. 

10 
-o • • -

•o-
• • -

•a-
- 4 -

TP-1 

TP-3 

TP-6 

TP.7 

TP-8 

0.01 

PV-1 PV.2 PVO 

PORE VOLUME 

PV^ PV-S 

Soil Zinc Concentrations 

Test Pit 
Number 

TP-I 

TP<3 
TP.6 

TP-7 

TP-8 

Matrix 

Granular Rll 

Granular Rll 

Granular Rll 

Granular Rll 

Slag Rll 

Total 
(In ppm) 

263 

400 

150 

398 

20.400 

EP Toxicity 
(in ppm) 

0.012 

2.1 
0.67 

0.24 

0.11 

Leaching Test 
(In ppm) 

0.125 

33 
5.4 

0.19 
0.14 

Rgure 4-68. 
Dissolved Zinc Concentrations 
in Leachate Water 

4-140 



SCALE IN FEET 

r u 
0 750 1.500 

Rgure 4-69. 
Arsenic Concentrations (ppm) 

4-141 



SCALE IN FEET 

r u 
0 750 1.500 

Figure 4-70. 
Copper Concentrations (ppm) 

4-142 



SCALE IN FEET 

nu 
0 750 1.500 

Rgure 4-71. 
Lead Concentrations (ppm) 

4-143 



SCALE IN FEET 

^ 
750 1.500 

Rgure 4-72. 
IVIercury Concentrations (ppm) 

4-144 



SCALE IN FEET 

—[J 1 U-̂  
ft TEA 4 C/V\ \ ' * 

^ ^ 

0 750 1.500 

Rgure 4-73. 
Zinc Concentrations (ppm) 

4-145 



RADIUM 
pCi/g 

ASARCO 
PROPERTY 
BOUNDARY 

SCALE IN FEET 

650 1.300 
Sampling 
Station Locations 

Rgure 4-74. 
Radium Concentration 
Isopleths (pCi/g) 

4-146 



8 L 

S 
Q. 
Q. 

LU 

8 
2 l -

8 t 

s 

z o 

III u z 
8 

STATION T4-2 

FIELD COMBINED LARGE MEDIUM SMAU RELD COMBINED LARGE MEDIUM SMALL 

FIELD COMBINED LARGE MEDIUM SMALL RELD COMBINED LVIGE MEDIUM SMAa 

Figure 4-75. 
Results of Marine Sediment Slag 
Separation Samples Analyzed for Arsenic 

4-147 



4 r 

Z 
0. a, 
2 
O 

1 2 
t -
Z 
UJ o z o o 

STATION T4.1 

a. 

z 
g 
(3 
^ 2 

o 
z 
8 

0 'r 

STATION T4.2 

FIELD COMBINED UVRGE MEDIUM SMALL RELD COMBINED LARGE MEDIUM SMALL 

400 

300 

2 
a. 
a. 

i 
z 
UJ 
O 

200 

100 

STATION T14-2 

RELD COMBINED LARGE MEDIUM SMALL 

6 -

S 4 
a. 
t . 
z o 

u 
z 
82 

STATION T15-1 

RELD COMBINED LARGE MEDIUM SMAU 

Rgure 4-76. 
Results of Marine Sediment Slag 
Separation Samples Analyzed for Copper 

4-148 



2F 

STATION T4-1 STATION T4-2 

RELD COMBINED LARGE MEDIUM SMAU RELD COMBINED LARGE MEDIUM SMALL 

STATION T14.2 

RELO COMBINED LARGE MEDIUM SMALL 

4 r 

3 -

STATION Tl 5-1 

RELD COMBINED U\RGE MEDIUM SMALL 

Figure 4-77. 
Results of Marine Sediment Slag 
Separation Samples Analyzed for Lead 

4-149 



•2.4-
STATION T4-1 

I 1.6 ^ 

z g 
I 1.2 
V -
Z 
UJ 
O z 
8 0.8 

0.4 

0.6 

0.5 

2 0.4 
a. 
Z 

g 
I 0.3 
)-z 
UJ 

o 
8 0.2 

0.1 

STATION T4-2 

Oi-

RELD COMBINED LARGE MEDIUM SMALL RELD COMBINED LARGE MEDIUM SMALL 

0.6 K 

0.5 j -
r 
I 

r 
- f 
f 0.4 r 
a, 
z 
o 
2 0.3 
I -
z 
UJ 

8 0.2 

0.1 

STATION T14-2 

40 
STATION T l 5-1 

30 

S 
a. 

z o 

I 
z 
UJ 
o 
z 

^ 8 

20 

10 

RELD COMBINED LARGE MEDIUM SMALL RELO COMBINED LARGE MEDIUM SMALL 

Rgure 4-78. 
Results of Marine Sediment Slag 
Separation Samples Analyzed for Mercury 

4-150 



1.6 

a. 
a, 
z o 

1.2 

O 0.8 
Z o o 

0.4 

HfrUUM STATION T4-1 

1.6'-

•J 5 
' CL 

- 9M.2 

ii 
! S 
- K J 2 .' o 
.; Z 
1 O 
1 o 

0.8 

0.4 

0 -

STATION T4-2 

RELD COMBINED LARGE MEDIUM SMALL RELD COMBINED UkRGE MEDIUM SMALL 

500 

400 \-

2 a. 
Z 300 
O 

I -z 
UJ 

O 200 

100 

STATION T14-2 

RELO COMBINED LARGE MEDIUM SMAU 

Z 
S 

r 
r 
I 

2 i-

°i 

STATION T l 5-1 

RELD COMBINED LARGE MEDIUM SMAU 

Figure 4-79. 
Results of Marine Sediment Slag 
Separation Samples Analyzed for Zinc 

4-151 



Sediment Core T2-1 

.2 -

" .3 -

.4 -

.6 -

> -

V a -

.9 -

1.0 -

1.1 -

1.2 -

1.3 -

1.4 -

0 

1 
Q 

:i.._..!;j^L; \ . : : 232 . 

; ; . ; : o ; - ; - ; - : : : . - : : . ' . .'.;.• 

''TpSi:-

1.20 

f.:;-;;-!;:.. 

^ 

187 

268 

142 

122 

Sediment Core T7-2 

^ 

-

-

-

-

-

%iM-&f f ' f ' ^ --•• :??2̂  
V • •.- •':•. 7 6 7 S 

.: • i : B ' ^ j 

ISIIS'P;';̂  
• .•••...•. . . • : ; : . ? w i o : 

s":--i;|;|;t;Si:S^ 

f l p i l f ; 

WMMm 

j l l l l l ; 

263 

1 1 1 1 1 1 1 1 J 1 
200 400 600 800 1000 0 200 400 600 800 

ARSENIC(pprTvdry wt) 

Sediment Core T10A-1 

, 1 

1 " 
-

-

-

1 1 
1000 C 

;':;H V?V4125' 

;:̂ ';;::'p:0'B-; iiffis 11 

i f ^p./::.::-::;-̂ :; •;.••." 

• • i • « • • • • : • : • • • . ' • ' • • ' • ' : . : . . 7 : • • • ; - " ^ ? ' 2 0 . 

m:0'':y-:':%:J-: ':•:• 

^iMiml- 247 

1 1 
200 400 

590 

1 
600 

T 1 
800 1001 D 

Sediment Core TlO-1 

177 

.9 -

1.0 -

1.1 - l l 

1.2 

1.3 -f 

1.4 

1.5 -P 

Sediment Core Tie4> 

13 

• — 1 — 

200 400 600 
— f — 

800 

: i " 

1000 
— I — 

200 
- ~ l — 

400 
— I — 

600 800 
— I 

1000 

700 

247 

::2925S 

;?::;;;• 2825? 

S-:V 1 7 2 

- 8.5 

— ? — 

200 
—r~ 

400 600 800 1000 

ARSENIC(ppmKJry wt) 

Figure 4-80. 
Marine Sediment Core 
Analytical Results-
Total Arsenic 

4-152 



Sediment Core T2-1 

230 

.6 -

u 
.9 -

1.0 

1.1 -

1.2 -

1.3 -

1.4 -

1.5 -

29 

42 

315 

253 

196 

Sediment Core T7-2 

E 
I 
I-
Q. 
UJ 
O 

—T-
200 

;4550 

•4300 

;4775 2 
3500; 

i4S75; 

1530 

400 600 
—r— 

800 
I 

1000 

M 

310 

—r-
200 

—|— 
400 

— I — 
600 

— I — 
800 

1 
1000 

L£AD(pprTHJry wt) 

I 
200 —r~ 

400 

I 
600 

-

-

S e d i m e n t C o r e T 1 0 A - 1 

. ' ' . . • ' i ' • • • • ' ••.•.•...'•::•"•;•--••; 3 4 5 0 : 

H- .:'!'Efy:A:-:fi--WP"^ •4"--' '--: risp'innb [ 1 

/•p:!;;::;:^ 

:? • j : i : ; 1685 : 

^U- iS^A-^- iS -••St-\.^fX:xi •• 

Si-:i^*®l: 2S5 

5 6 3 

— I — 
BOO 1000 

0 
.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

Sediment Core T10-1 

265 

Sediment Core 113-2.5 

217 

Sediment Core T l 6-0 

100 

100 

IS 

200 
— I — 

400 600 
— I — 

800 

375 

253 

20 

1000 200 
—r— 

400 

— I — 
600 

—r— 
800 1000 —r-

200 

—r-
400 

I 
600 

LEAD(ppm-dry wt) 

855 

.:.;:•::; 2875:; 

»":'3050? 

I 
800 1000 

Figure 4-81. 
Marine Sediment Core 
Analytical Results — 
Total Lead 

4-153 



0 

.1 

2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

Sediment Core T2-1 

161 

223 

Sediment Cora T7-2 Sediment Core T10A-1 

195 

22 

133 

39 

—1 1 r -
200 400 600 

—r-
800 

3125 

2725 

3175 
; i -

2165 

3150 

11358 I : 

202 

1000 
— I — 

200 
~ 1 — 

400 
— I — 

600 
— T — 

800 

; 11.975 

: 14.500 

• 16,300 i 

55251 

;1850 

813 

1000 200 400 600 
— I — 

800 1000 

E. 
X 
t -
0 . 
UJ 

o 

0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

a 

.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

COPPER(ppnvdry wt) 

Sediment Core TlO-1 

550 

Sediment Core T l 3-2.5 

234 

Sediment Core T16-0 

290 

234 

: i 

31 

200 400 
— I — 
600 

— I — 
800 

198 

217 

29 

22 

18 

1000 200 
— 1 — 
400 

— I — 
600 

— I — 
800 

1585 ? l 
583 

i1663 

;:1378 M 
150 

18 

1000 200 400 600 800 1000 

COPPER(ppnvdry wt) 

Figure 4-82. 
Marine Sediment Core 
Analytical Results — 
Total Copper 

4-154 



Sediment Core T2-1 Sediment Core T7-2 

.1 

-.2 

" .3 

.4 

.5 

.6 

.8 

.9 -

1.0 -

1.1 

1.2 

1.3 

14 H 

1.5 

E 
I 
K 
Q. 
UJ 
Q 

915 

1208 

973 

108 

813 

212 

-| r -r 1 

; • ••: 23.650 

: 20,875 i 

i'23,075 £5 

• 17,500: 

i 24,400; 

:;s;':i3875!; 

2145 

Sediment Core T10A-1 

T r - r 

1 3 5 7 5 ; 

;:.:••::: 3300? m 
;;3575 

:2soo; 

930 

490 

T T - r - l 
400 800 1200 1600 2000 0 400 800 1200 1600 2000 0 400 800 1200 1600 2000 

ZINC(ppnvdry wt) 

Sediment Core TlO-1 

S 100 

93 

.6 

.7 

.8 -

.9 -

1.0 - T l 

1.1 -

1.2 - : ; 

1.3 - . 

1.4 -

1.5 - • ' 

1268 

343 

300 

62 

400 
— 1 — 

800 

Sediment Core T l 3-2.5 Sediment Core T16-0 

J 10̂  

i2323 

300 

270 

42 

945 

1223 

51 

1200 1600 2000 
— I — 

400 800 1200 1600 2000 400 800 1200 

ZINC(ppm-dry wt) 

:;2338 n 
:17,800 s 

; 19,125? 
II 

1600 2000 

Figure 4-83. 
Marine Sediment Core 
Analytical Results — 
Total Zinc 

4-155 



I 
o 
z 
UJ 
( 0 

cc 
< 
X 
a. 
UJ 

i* 

-1 1 1 r- "T 1 1 1 1 1 1 1 1 1 r-

Arsenlc 

_ i I i_ 

TOTAL ARSENIC (ppm) 
(X 1,000) 

10 

X 

R 
Q. 

" I — I — I — I — 1 — I — r - ~i I I r 

0 1 

_l 1 I 1 i ) t I I I i 1 . . 

2 3 

TOTAL LEAD (ppm) 
(x 1.000) 

I—I 1—1 I r — p 

Lead 

• % • 
• J r I i _ i I 

4 5 

Figure 4-84. 
Marine Sediment Core Metals: 
EP Tox vs. Total 



I ! 

(E 
UJ 
a. 

X 

a. 
UJ 

2 -

1 -

~T 1 1 r^—r-

- .kt 

-p—T -1 1 1 , 

Copper 

_ i I I I I 

12 15 

TOTAL COPPER (ppm) 
(X 1,000) 

18 

£ 

I 3 
X 
P 
a. 
UJ 

I . • . • J . I I I 

5 

Zinc 

I I I I I . I L_ 

10 15 20 25 

TOTAL ZINC (ppm) 
(X 1,000) 

Figure 4-85. j i { 
Marine Sedlmeht Cbre Metdlss 
EP Tox vs Total (continued)' 

•rr- i f r ' 



15,000 -

1Z000 -

03 
_ J < 
9 
> 
o 
z 
u. 
o 
oc 
UJ 

oa 
Z 

9.000 -

6,000 -

3.000 r 

Annelida 

Mollusca 

Arthropod 

Miscellaneous 

Rgure 4-86a. 
Mean Total Abundances 
Based on all Replicates 

4-158 



u. 
O 
I -z 
UJ 
o 
cc 
UJ 
Q. 

100 -

80 

60 

40 

20 

_ 

J 

m i n tM TO « • ^ 
CM e ^ ^ to ^ o K I- ? K t= ^ rSj c6 ^ 

^ Si 
I - I -

Annelida 

Mollusca 

Arthropod 

Miscellaneous 

Rgure 4-86b. 
Proportional Abundances 
Based on Replicate Mean Abundances 

4-159 



120 -

100 -

CC 
UJ 

m 
oc 
< 
3 o 
05 
CC 
UJ 
a. 
« 

80 

60 

40 -

20 

Annelida 

Mollusca 

Arthropod 

Miscellaneous 

^ ^ ^ S I 5 :: 3 a a 

Rgure 4-87a. 
Mean Biomass by Major Taxa 
All Replicates 

4-160 



Annelida 

Mollusca 

Arthropod 

Miscellaneous 

Rgure 4-87b. 
Proportional Biomass of Major Taxa 
All Replicates 

4-161 



0.7-1 

0.8-

Z 
UJ 

o 
u. 
u. 
UJ 
O 
O 

0.5-

OC 

5 
CO 
CO 

a 
CO 

I 
(D 

0.4-

O J -

0.2-

0.1-1 
3 2 in r-

A <6 
S» 8J P i i 

STATIONS 

Rgure 4-88. 
Nearest Neighbor 
Clusters of Stations Based 
on In Transfomied Benthic 
Organism Abundances 

4-162 



100 

80 

60 

z 
UJ 
o 
cc 
UJ 
Q. 

40 

20 T 

c / 3 » - . - c v n . - ' . - i n c U ' V ' i n c p c M Q ^ . - e M r ^ » - . - ^ o j . - C M 

* SI SI A <£ -.̂  6i <6 i 

Rgure 4-89. 
Percent of Oyster Larvae Surviving 
Standard Error of Each Sample Indicated 

4-163 



100 

90 

60 

Z 
UJ 
o 
cc 
UJ 

a. 

40 

20 

+ + 
+ + -t- + + 

S 55 . - eg •r- • - lO CM CM ^ lO <0 CM 

S s S s ^ s ^ ^ ^ g g 
^ CM p . »- ^ 
6 6 •^ CM <6 d d . - c M < o < o c e s M O j s CM 

<6 
1 - I - H 1- 1-

Rgure 4-90. 
Percent of Oyster Larvae that are Abnormal 
Standard Error of Each Sample Indicated 

4-164 



2 0 ' + + 
I I I 

16 
+ 

Z 
> 
> 
GC 
3 
CO 

CC 
UJ 
ffl 
3 
Z 

12 

0 -
+ 

O — CM 

" Ci i 
T - . - i o c g ^ i n ( O C M § ^ g i i 1 i . - CM ^ » - ^ 

6 <i - • 
y- V C^ T 
i t ID d) C > O ^ C M < 0 < 6 0 ( M C M 

Rgure 4-91. 
Amphipod Survival Bioassay 

4-165 



5.0 CONTAMINANT FATE AND TRANSPORT 

5.1 POTENTIAL ROUTES OF MIGRATION 

5.1.1 SUMMARY OF NATURE OF AIR CONTAMINATION 

Air emissions from the inactive smelter site are primarily fugitive dust particles. Fugitive 
(or wind-blown) dust can be released from a site if wind velocities are high enough to 
lift particles from the surface. Fugitive dust is also released if agitated by work activities 
or work vehicles moving about the site. Most fugitive dust particles are large and will 
return to the surface close to where they were suspended. Smaller particles, less than 
2.5 n in diameter, will travel several kilometers before returning to the surface. Dust 
particles being blown from the Asarco site contain elevated levels of metals such as 
antimony, arsenic, chromium, cadmium, copper, lead, and nickel. 

Fugitive emissions from the Asarco plant have been quantified several times in the past, 
focusing on process fugitive emissions during plant operations. In 1983, Dr. Cowherd of 
MRI performed an EPA-sponsored soils analysis on site to characterize plant emissions. 
Cowherd based his analysis on 16 samples taken in the areas previously occupied by the 
converter plate treater, pipe treater, cottrell plate treater, stack, the metallic arsenic plant 
and bag house, storage bins, and at street locations outside of the plant. Specific 
substances such as reverberatory slag, lime rock, and cottrell dust were sampled to gain 
an understanding of the soils at Asarco. The samples were analyzed to determine silt 
content and cloddiness. Cloddiness was used to determine sample erodibility. 

The analysis also reviewed the crusting potential of the particulate matter at the site. 
One of the major deficiencies acknowledged in the report was that soil composition and 
particle size distributions needed to be determined. 

In 1987, NEA Inc. conducted the recommended particle size distribution and particle 
composition analysis. Samples were collected from 22 locations, including the area 
previously sampled by MRI. However, most of the facilities at these locations have been 
demolished and removed. NEA's analysis consisted of re-suspending field samples in an 
aerosolization system they developed. NEA's technique produced both PM-10 (particles 
with diameters less than 10 î) and Total Suspended Particulate (TSP) data. TSP was 
considered to be particles with diameters less than 30 n. 

The PM-10 fraction of the sample was further divided into finer particles less than 2.5 î 
in diameter and coarse particles between 2.5 to 10 fi in diameter. The coarse, fine, and 
TSP samples were analyzed by X-ray fluorescence to determine their chemical 
composition. The NEA results indicated that no appreciable difference in soil 
composition exists between the particle size groups. The mean arsenic concentrations of 
the samples varied between 4.7 and 5.3 percent by mass. For this analysis, emissions 
estimates were made assuming that 5.3 percent of all fugitive dust migrating from the 
site is arsenic in the form of arsenic trioxide, a major emission from an active smelter. 

Fugitive emissions were based on Equation 1 from the 1983 MRI report: 

5-1 



(e/11) (s/15) (f/25) 
E = 380 V 

(PE/50)2 

E = emission of suspended particulate, that is, particles smaller than 30 ft in 
diameter (g/m^/year) 

e = soil erodibility for a wide, unsheltered, isolated field with bare, smooth surface 
(kg/m^/year) 

s = soil silt content, defined as particles smaller than 75 /̂ m as determined by dry 
sieving through a 200-mesh screen (%) 

f = percent of the time the wind velocity, measured at 0.3 m (1 ft) above the 
surface, exceeds the nominal wind erosion threshold value of 5.4 m/sec (12 
mph) 

V = fractional value reflecting reduction of wind erosion due to vegetative cover 
(1.0 for bare soil) 

PE = Thornthwaite's Precipitation Evaporative Index used as a measure of average 
soil moisture. 

The equation was derived from field tests of suspended particulate generation during 
high wind erosion periods. Equation 1 does not consider vehicular activities. Although 
vehicular generated dust can be substantial, the lack of plant activity at Asarco makes 
vehicular emissions insignificant. 

MRI analyzed the potential for site soils to form a crust during normal conditions. 
Crusting occurs when soils are allowed to dry. If crusting occurs, a protective layer will 
form and particulate emissions will be substantially reduced. MRI's analysis showed that 
site samples, dried at low temperatures, will form a protective crust. Undisturbed, the 
crusted material will not be a large source of wind-blown dust. 

To be conservative, it was assumed that site activities would disturb the soils. This 
assumption was included in the emissions estimates by calculating the mean soil 
erodibility for both the disturbed and undisturbed soils reported by MRI. From the MRI 
report, the average of the mean disturbed and the mean undisturbed soil erodibilities 
was calculated to be 4.2 kg/m^/yr. All erodibility values in the report less than 0.4 
kg/m^/yr were set equal to 0.4 kg/mVyr. MRI also indicated that the mean silt content 
was 9.75 percent, and the vegetation cover value V was assumed to be 1.0 for the 
facility. 
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The MRI report summarized most of the climatic parameters required for Equation 1. 
The summer and annual f values, or the frequency of occurrence of winds greater than 
5.2 m/s, were determined to be 6.2 percent and 15.33 percent. The summer and annual 
PE factors used were 6 and 136. The annual value can be found in AP-42. Most of the 
climatological data was generated by earlier analyses of the wind data. 

The emission rates were calculated as: 

Q (summer) = 40.66 g/mVquarter; (2.74 E-7 g/m^sec) 

Q (annual) = 15.49 g/m^/year (2.6 E-8 g/m^sec) 

The aimual and quarterly emissions rate were multiplied by 0.053 to convert TSP to the 
arsenic emission rate. 

5.1.2 SURFACE WATER 

Surface water migrates along the routes (pipes and channels) identified in Figure 2-4. 

There are two sources of surface water flow: (1) overland runoff and (2) groundwater 
seepage. Overland runoff occurs during rainfall, while groundwater seepage occurs 
throughout the year. Thus, groundwater seepage is the only source of flow when it is 
not raining (base flow), while overland flow and groundwater seepage are the sources of 
flow when it is raining. 

Overland flow enters both the drainage pipes and open channels. Typically, groundwater 
seepage only enters the open channels, but could also enter cracked drainage pipes. 
Thus, the source of flow at the open channel stations (SW-1, SW-2, SW-3, SW-4, and 
SW-13) includes both overland runoff and groundwater seepage. Any additional flow at 
the remaining stations is primarily overland flow. 

Groundwater seepage into cracked drainage pipes would not be a significant source at 
the Asarco site for two reasons. One reason is that the groundwater table (level) is at 
a lower elevation than the drainage pipes, such that groundwater would not seep up 
into a cracked drainage pipe. The other reason is that the site is relatively impermeable 
to rainfall, so not much groundwater would seep down into a cracked drainage pipe. 

Water leaves the surface water system through two routes at the Asarco site: (1) 
discharges to Commencement Bay through the end of the outfall into Commencement 
Bay at an elevation of -10 MLLW, and (2) infiltration into the groundwater system. 
Infiltration can occur in open drainage channels or at cracks in the drainage pipe system. 
Infiltration is more likely to occur in flat areas where water can penetrate the underlying 
substrate. The best example of this is in the slag fill area, which is flat and has large 
cracks for water to flow in. 
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Fresh water discharged into Commencement Bay rises as a plume to the surface of the 
marine water because it is less dense and more buoyant than marine water. It then 
flows along the surface in the direction of tidal currents. During flood tide, water flows 
to the Tacoma Narrows, where it is thoroughly mixed with upwelling bottom waters. 
During ebb tide, water flows toward Seattle. 

5.1.2.1 Middle Outfall 

The middle outfall catchment basin can be separated into two subbasins of different 
characteristics. The upper subbasin, upgradient of SW-4, has a moderately sloped 
topography and relatively pervious surface. It is drained primarily by open channels. 
Groundwater seepage supplies a base flow at SW-4 of about 0.3 cubic ft per second 
(cfs) (Figure 3-3, Event 2, hour 1). 

The lower subbasin, downgradient of SW-4, is relatively flat and impervious (paved). It 
is drained by drainage pipes. Overland flow supplies additional water to that from SW-4. 

The hydrographs in Figure 3-3 show that during base flow the discharge at SW-4 and the 
outfall (SW-10) are very similar. However, flows are higher at SW-10 than SW-4 during 
periods of rainfall. These observations indicate that groundwater seepage or infiltration 
does not have a substantial effect on flow in the lower subbasin. Thus, groundwater 
seepage and overland flow are sources of surface water in the upper subbasin, while only 
overland flow supplements surface water discharge in the lower subbasin. Also, nearly 
all of the water that enters the lower subbasin at SW-4 is discharged at the outfall and 
does not infiltrate into the groundwater. 

5.1.2.2 South Outfall 

The south outfall catchment basin can also be separated into two subbasins. The upper 
and lower subbasins have similar characteristics to those described for the middle outfall. 
The upper subbasin flows into the lower subbasin at SW-13. 

The-hydrographs for the south outfall (Figure 3-4) show a different pattern than for the 
middle outfall. Groundwater seepage supplies a base flow at SW-13 of about 0.1 cfs. 
During base flow and low tide (Event 2, hour 1), the outfall discharge is only about 0.01 
cfs. Thus, there is a loss of about 0.09 cfs in the lower subbasin between SW-13 and the 
outfall. Because the base flow at SW-12 and SW-13 is nearly equal, this loss of flow 
occurs between SW-12 and the outfall. This provides evidence for groundwater recharge 
in this area by pipe leakage into cracks in the slag. The amount of groundwater 
recharge by this mechanism is likely to be even greater than 0.09 cfs during periods of 
high flow. 

The effect of high tide on the outfall discharge is evident in the hydrographs (Figure 
3-4). The high outfall flows at the beginning of Events 1 and 3 are from the release of 
water that had backed-up in the drainage pipe at high tide. However, there was no 
outfall flow at the onset of high tide (Event 2, hour 5), It is likely that this back-up of 
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flow increases the groundwater recharge rate from the additional hydraulic pressure 
(water level) in the drainage pipe. 

Groundwater investigations identified a rise in the water table from high tides (see 
Section 3.1.2). The maximum rise at a well near the south outfall was to an elevation 
of about 6.2 ft from the surface of the ground. The elevation of the drainage pipe at 
SW-11 is about 6 ft, which is at or above the groundwater table. Thus, it is not likely 
that much, if any, groundwater seepage enters the drainage pipe between SW-12 and 
SW-11, 

5.1,2,3 North OutfaU 

The north outfall catchment basin is flat and paved. There is no base flow at the north 
outfall, because it only receives overland flow during periods of rainfall. Water backs 
up the drainage pipe at very high tides. 

An interesting aspect of the hydrographs in Figure 3-5 is the relatively high flows at SW-
6 and SW-7. These stations have smaller catchment areas than SW-9 and yet have 
higher flows. Furthermore, there appears to be a base flow at SW-6 and SW-7, 

The source of flow at SW-6 is primarily parking lot runoff. The moderate slope and 
impervious surface, of the parking lot explains the relatively high flows at̂  SW-6. SW-6 
may also collect some groundwater seepage, which would explain the presence of base 
flow. The discharge of steam condensate from the power house explains the base flow 
at SW-7, while rooftop drainage accounts for much of the flow at SW-7 during periods 
of rain. Surface water drainage at SW-6, SW-7, and SW-8 is routed to a city outfall 
located north of the north outfall (Figure 2-4), 

5.1,3 GROUNDWATER 

The following mechanisms are believed to have caused groundwater contamination at the 
Asarco site: 

Infiltration of surface water and precipitation through leachable fill materials; 

Groundwater contact with leachable fill materials; 

Leakage of contaminated wastewaters and subsequent migration into groundwater; 

Spills or leaks of dimethylaniline; and 

Spills or leaks of acid. 

The primary source for groundwater contamination is likely the leaching of contaminated 
granular fill materials. The mechanisms associated with this source are shown 
schematically on Figure 5-1, 
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Regardless of source, the hydrogeologic regime of the site, as discussed in Section 3.6, 
indicates that net groundwater flow is into Commencement Bay, Groundwater therefore 
acts as a pathway for contamination to migrate off-site. Commencement Bay is the only 
identified receptor for this migration. 

5.1.4 GROUNDWATER CONTAMINANT TRANSPORT 

Since the contaminant concentrations and groundwater flows change with the tide, 
groundwater transport of contaminants was estimated using flow and time weighted 
average concentrations. Time weighted concentrations were obtained from monitoring 
wells MW-1A2, MW-IB, MW-2A, MW-2B, MW-3A2, and MW-3B, 

The estimated average concentrations and mass loading for selected metals are listed in 
Table 5-1, 

Table 5-1,Estimated Average Concentration and Mass Loading for Selected Metals in 
Groundwater Discharge to Commencement Bay, 

Arsenic 
Cadmium 
Copper 
Nickel 
Selenium 
Zinc 
Iron 
Manganese 

Concentration 
in /^g/L 

Dissolved 

7,300 
21 

970 
80 
56 

2,200 

Total 

12,000 
43 

3,900 
120 
60 

3,300 
42,000 

1,300 

Mass Loading 
in lb/day 
Dissolved 

12 
0.035 
1,6 
0,13 
0.094 
3,7 

Total 

19 
0.073 
6.5 
0.20 
0.10 
5.6 

70 
2,3 

These estimates are based on flow for the overall site and time weighted averaged 
concentrations. 

Concentrations of contaminants measured immediately offshore from the site are 
considerably lower indicating substantial dilution takes place as groundwater enters the 
Bay. 
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52 CONTAMINANT PERSISTENCE 

5.2,1 PRESENCE IN MARINE ENVIRONMENT 

5.2.1.1 Introduction 

The presence of contaminants in the marine enviroimient may be tested several ways. 
Each of these indicators measures a different aspect of the potential contamination in 
the marine environment. 

First, portions of the environment (surface and subsurface sediments) may be chemically 
tested for contaminants. This type of examination determines the absolute presence or 
absence of the potential contaminant. Although this type of examination gives definitive 
data on the total concentration of the chemical in question, it does not address whether 
or not the organisms living in the habitat perceive the presence of that material. 

Second, samples from the target areas can be tested for biological toxicity by bioassays. 
To be meaningful, data from these tests need to be properly controlled, and the 
organisms in the bioassay need to be appropriate to the material that is tested, 

TTiird, the assemblage of organisms present in the areas can be examined and assessed 
for potential effects of the whole array of contaminants on the benthic community. This 
method, while not addressing any one specific organism or toxin, focuses on the overall 
effect upon the marine benthic community. For an adequate benthos assessment, an 
uncontaminated reference area should be chosen as a comparative control. This 
reference area should be as physically similar to the target site as possible. 

Fourth, organisms from the environment can be tested for the pressure of chemicals in 
question. This assessment should involve chemical examination of tissue contaminant 
loads, development of reproductive indices, and comparisons of morphological structures. 

This study used the first three methods to examine the presence and effects of potential 
contamination in the marine environment. The results of these examinations appear, to 
some extent, contradictory and unclear. This apparent ambiguity is a result of the 
differing questions asked by each portion of the analysis, 

5.2.2.2 Chemical Determination of Contaminant Presence 

The presence of various contaminants in the surficial marine sediments has been well 
documented in this report. In general, there are trends of decreasing concentrations of 
the various metals and other contaminants with increasing distance from the site. These 
trends are not linear: the concentrations near the facility are often quite high, and 
remain so for some distance then decrease substantially and rapidly. 
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The form and type of this contamination varies. This variance may be important. High 
concentrations of metals in marine surficial sediments are particularly difficult to interpret 
for the size of the particles containing metals. The reason for this is that very fine 
particles are eaten by sediment-deposit feeding animals and enter the benthic food chains 
in this manner. 

The solubility of most of the contaminants in the marine system is quite low (see the 
various sections detailing EPTox results). In addition, sediment core chemistry data are 
unlikely to have substantial biological relevance unless substantial bioturbation occurs. 
Bioturbation dissolves contaminants, making them accessible to more organisms. Even 
with bioturbation, sediments below 1 m are rarely going to be encountered by organisms. 
Thus, buried sediments will have little biological effect as long as the contaminants 
remain buried and bound into the sediments. 

Although the concentration of metals in surficial sediment is quite high in many of the 
sites, the EPTox values are either below detection limits or quite low. This indicates 
that the biologically-effective metal concentrations are likely much lower than the values 
from the surficial chemistry would otherwise indicate. Therefore, although these 
chemicals persist in the marine sediments, they are unavailable to the organisms due to 
their low solubility. 

This lack of solubility and the lack of any significant toxic effects was particularly 
noticeable in those benthic samples containing slag. In fact, all slag samples had to be 
ground into small fragments with a mortar and pestle to remove benthic organisms living 
in the interstices of the slag. The slag was generally fairly porous, and organisms found 
the internal cavities and interstices well suited for growth and occupancy. In addition, 
those slag particles large enough to support the growth of epifauna were covered with 
substantial growths of epifaunal organisms such as hydroids, bryozoans, and sponges. 
Although the slag contained substantial amounts of toxic chemicals, these toxins did not 
appear to be bioavailable to the organisms, 

5,2,1,3 Biological Effects of Contaminant Presence 

Bioassay Evaluation 

The bioassay data indicated that the sediment from some of the sampled stations, 
particularly T6-1, TlO-1, and T12-1, contained chemical characteristics or physical 
attributes that created a biological effect. There was decreased amphipod and oyster 
larvae survival at these sites and increased levels of oyster larval abnormalities. Other 
stations showed less pronounced effects (Table 4-10). Many of these effects were not 
much different from the effects observed at other, more distant, sites in the greater 
Commencement Bay region. Because of the variability within bioassay evaluation, 
however, the level of discrimination of the effects is low. Although the sediment from 
certain stations obviously had an effect on the bioassay organisms, only the most 
pronounced effects were detectable. However, because inappropriate test organisms can 
cause test results to scatter, fine differences between test organisms could not be 
determined. 
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Benthos Evaluation 

In general, the data from the benthic analysis indicated high levels of diversity, 
abundance, and biomass at most of the sampled sites. Historical data of uncontaminated 
sites with similar sediment particle size distributions (sampled and analyzed with similar 
methodologies) are difficult to find. Slight differences in analytical methodology (for 
example, variations in either the sample size, the size of sieving screen, or the number 
of replicates) can alter the data substantially, making valid comparisons difficult (Holme 
and Mclntyre 1971; Woodin 1974), 

Many of the stations in the present study, particularly stations T4-2, T6-3, T8-4, T22-1, 
and T22-2, contained many more species and individuals per unit area than have been 
found in the general surveys of the benthos of the Puget Sound region (Lie 1968, 1974; 
Woodin 1974). Samples T4-2, T6-3, T8-4, T22-1, and T22-2 were exceptionally diverse 
and rich. In fact all of the stations sampled for this study have more taxa present than 
Lie (1974) found at any of the 48 stations he sampled throughout the Puget Sound basin. 

Some ecological interactions can help determine biologically active contamination. 
Particularly useful are those interactions involving sediment-ingesting animals, especially 
mollusks, and those interactions involving toxic-sensitive organisms. Larvae, already 
discussed in detail, form the array of organisms most sensitive to the toxic effects of 
contaminated sediments. 

Sediment-feeding mollusks and holothuroids eat bacteria and particulate organic material 
found in the sediment. These deposit-feeders were found at every station except T12-1 
(Table 5-2), There was an interesting pattem of abundance of these taxa, since all pf 
the several species involved become less abundant as the proximity to station T12-1 
increases. This was due, in part, to the action of contaminated sediment. Either the 
sediment acted directly upon the sediment-feeding organisms (mostly bivalves) or acted 
upon the bacteria in the sediment. Since the major component of the fauna at station 
T12-1 was the deposit-feeding armelid, Notomastus tenuis (which would be eating the 
same food as the bivalves), some toxic sediment contamination effect directly reduced 
the abundance of the bivalves. These mollusks and holothuroids were also less abundant 
at each of the distant transects, TO, and T22. In these cases, the sediment proper was 
likely unsuitable: at transect TO, it was too hard, at transect T22, it was too silty. 

A similar pattem of abundance depression was seen in the examination of the 
nudibranch predators of the epifaunal hydroids. The hydroids remained relatively 
abundant throughout the area, but the predators were absent from stations TlO-1, T12-
1, Tll-7, and T16-4. These data were somewhat difficult to interpret because the 
surficial sediment chemistry indicated relatively low contamination levels at station Tll-
7 and T16-4, 

Although not abundant, the infaunally-feeding gastropods, Cvlichnella and Olivella, were 
found at station T12-1. However, the examination of these animals yielded ambiguous 
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results. Although they were much more common at station T2-5, their abundance 
remained consistently low throughout the rest of the stations. 

Table 5-2. Contaminant sensitive organisms or interactions. • 

Station 

T2.5 
T3-5 
T4-2 
T6-3 
T8-4 
TlO-1 
Tl l -7 
T12-1 
T16-1 
T16-4 
T22-1 
T22-2 

Category: 
Taxon: 

Taxon: 

Taxon: 

Taxon: 

Sediment 
Feeding 
Holothuroids 
& MoUusks 

2±4 
28 ±32 
100 ±96 
50±41 
70 ±92 
8±10 
0 
8±12 
20 ±19 
14 ±28 
184±104 
26 ±25 

Sediment Feeding 

Infaunal 
Foram. 
Feeders 

93 ±73 
0 
2±4 
0 
8±12 
0 
2±4 
4±8 
0 
0 
4±5 
0 

Hydroid 
Colonies 

11±17 
6±12 
180 ±107 
12 ±20 
88 ±83 
22±23 
30±18 
18±23 
48±51 
8±7 
50 ±75 
24±12 . 

Mollusks and Holothuroids 
Bittium sp.. Macoma carlottensis. Macoma cf. 
Macoma elimata, Macoma obliqua. 
Tellina nuculoides. Leptosvnapta sp 
Infaunal Foraminiferan Predators 
Cvlichnella sp.. Olivella baetica. 
Hydroids 

Nudibranch 
Hydroid 
Predators 

5±9 
12±15 
6±5 
4±8 
2±4 
0 
0 
0 
6±8 
0 
60 ±38 
4±5 

moesta alaskana. 
Macoma voldiformis. Macoma sp.. 

Hydroida sp., Obelia sp., Plumulariidae sp., Sertulariidae sp. 
Thuiaria sp. 
Hydroid Predators 
Aeolidacea sp.. Doto sp.. Nudibranchiata sp. 

The benthos at each station analyzed for this study represents the result of several 
interactions. The most important of these interactions are sediment particle size 
distribution, depth, topographical relief, water current velocity, sediment composition, and 
toxic contamination. Urifortunately, none of these factors acts in isolation. Furthermore, 
the gradients within the factors were not clearly linear or independent in their effects. 
Effects of contaminant persistence were evident at some stations, absent at others, and 
difficult to assess at the remainder. 
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Speciflc Examples 

Pronounced Effects of Contamination - Station T12-1, The low numbers of taxa 
collected at Station T12-1 reflected contamination effects. Some of the variation seen, 
however, simply reflected the variation in sediment particle size distribution, so the 
absolute magnitude of the contamination effects were not clear. Station T12-1 had the 
lowest per unit wet-weight biomass of any of the samples. Additionally, although it was 
rich in numbers of organisms, 10,892 animals/m^ only 76 taxa were collected there. 
One species, Notomastus tenuis, accounts for 83 percent of the total. This distribution 
is a classic example of a community in a pollution-dominated environment. 

No Noticeable Benthic Effects of Contaminafion - Low Sediment Chemical 
Concentrations - Station Tll-7, Some of the low abundance patterns did not reflect 
contamination effects. Station Tll-7 had the lowest density of organisms, 912 
animals/m^. It also had the lowest arsenic and copper sediment concentrations, and the 
second lowest lead, zinc, and mercury concentrations. The lowered diversity evident here 
was clearly a result of sediment particle size distribution. 

This station also had the second lowest percentage of gravel, and a relatively high 
percentage of fine sediments. The sediment was not well-sorted, indicating a relatively 
high percentage of intermediate-sized particles as weU. This assemblage was dominated 
by epifaunal suspension feeders such as sponges and hydroids. Shrimps, Eualus pusiolus. 
were also abundant. The low diversity apparent here was likely the result of the sample 
being dominated by these epifauna, which stabilized and overgrew the substrate resulting 
in the exclusion of other, particularly infaunal, taxa. 

Here, in contrast to station T12-1, the reduced faunai diversity was the result of physical 
characteristics and biological action not chemical contamination. Many of the taxa 
collected here (for example, the platyhelminthes of indeterminate species, the polyclads, 
the kalyptorhynch turbellarians, and the enoplan nemerteans) were active hunting 
predators. Others such as the anthozoans were passive predators. Even though not 
diverse, the assemblage sampled at this site had complicated food-webs and a complex 
array of predators and prey. 

No Noticeable Benthic Effects of Contamination - High Sediment Chemical 
Concentrations - Station T4-2. The highest concentrations of total surficial sediment 
arsenic(7350 ppm), copper(3025 ppm), lead(6725 ppm), and zinc (17625 ppm) were 
recorded at station T4-2. This station also had the only significant arsenic EPTox 
concentrations. The bioassays indicated that the sediment from this site might be having 
an effect on larvae: the oyster larval bioassay had a mean survival at this site of about 
35 percent. Relatively few of those surviving larvae were abnormal, however. Again, the 
bioassays indicated the sediment might be having a long-term effect on survival since the 
survival in the amphipod bioassay was significantly depressed. Only about half of those 
test animals survived. On the basis of these tests, the station should have shown 
profound effects of toxic contamination. 
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The benthic data completely refuted such a prediction. The wet-weight biomass was 
greatest (117 g/m^) of any station sampled. Almost 10,000 animals/m^ of 192 taxa were 
found living in and on the sediments at this station. The bioassay results were unreliable 
due to the uncontrolled nature of the test, and were further refuted by the abundance 
of amphipods at this station. While amphipod mortality was high in the bioassay tests, 
individuals of the amphipod species Tritella pilimana. Ampelisca lobata. Ampelisca 
agassizi. and Byblis cf. millsi account for about 10 percent of the organisms at this 
station, and represented 4 of the top 5 arthropod species in abundance. Other amphipod 
species, Photis sp, Indet., and Ampelisca hancocki. were also commonly found at the 
site. 

The most abundant of these amphipods, Tritella pilimana. which had densities in excess 
of 750 animals/m^ is a caprellid amphipod that lives as epifauna on either the sediment 
surface or lives on the sessile organisms such as the common Plumulariid hydroids or 
Anascan bryozoans attached to the sediment particles. 

Because they have less contact with contaminants and less effects from contamination, 
epifaunal organisms are often more abundant than their burrowing counterparts in areas 
with highly contaminated sediment. The ampeliscan amphipods, the next most abundant 
arthropods, were found in aggregate densities of over 200 animals/m^. They build and 
live in tubes in the sediment. These tubes are composed of fine sediment particles 
cemented together. Animals living in the tubes would be in very close contact with the 
sediments. Amphipods do not have a swimming larval stage, and the females brood 
their young in a marsupial pouch on their underside. If these sediments were noticeably 
toxic, it is unlikely that enough juveniles would be produced to offset mortality. The 
high population density of these species indicated the sediments were not highly toxic. 

Other arthropods that do have planktonic larvae showed recruitment of these larvae and 
recently metamorphosed juveniles into the area. These were free-living crabs in the 
genera Cancer, and Lophopanopeus and small commensal crabs in the Family 
Piimotheridae. 

Larvae are generally considered delicate organisms and metal pollution is particularly 
toxic to them (Strathmann 1987). Thus, they are useful as bioassay organisms. The 
abundance of arthropod larvae and juveniles in the samples indicated the Station T4-2 
area, with its very high sediment metal contaminate concentrations, was not having a 
noticeable effect on the recruitment of larval arthropods. 

Larval echinoderms are also notably sensitive to metals in solution. Within this group, 
substantial larval recruitment was recorded. Newly settled juvenile sea stars and sea 
cucumbers were found in moderate densities in these areas (Table 4-10). In fact, the 
aggregate total of immature forms collected from this site was the highest of any of the 
stations sampled. Given that larvae were not particularly sampled for, that many from 
other taxa might not have been enumerated, and that adults of all of these taxa were 
also enumerated, recruitment occurred with enough regularity to maintain this diverse 
assemblage of organisms. 
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Some Noticeable Benthic Effects of Contamination - Variable Sediment Chemical 
Concentrations - Station TlO-1. The pattern of recruitment seen over all of the sampled 
stations showed a depression in the samples from near the center of the facility. . Stations 
T8-4, TlO-1, Tll-7, T12-1, in particular, showed few larvae. At station T12-1 this was 
likely due to the effects of contamination. As stations Tll-7 and T8-4 had quite low 
metal concentrations, the low organism numbers were probably due to normal biological 
or physical conditions that rendered the station unsuitable for settlement of the particular 
larvae examined. 

Station TlO-1 was intermediate in a number of parameters. Although not the highest 
sampled, the sediment chemical readings were high. This station had about the average 
number of organisms per square meter, but the number of species was less than some 
more distant stations. Although the biomass per unit area was relatively high, the wet-
weight biomass per organism was low. Some of the dominant organisms found at this 
station, particularly Heteromastus species and Notomastus tenuis, are infaunal sediment 
deposit feeders typically found in polluted or disturbed sites. However, a number of 
infaunal organisms found here, especially Compsomyax subdiaphana. Modiolus rectus, and 
Terebellides stroemi. are characteristically found in fine sediments although not 
particularly disturbed or polluted ones. The chitons, such as the Ischnochitonidae, which 
live on pebbles or small rocks, are characteristic of relatively clean areas. 

The number of predators was relatively high at this station, with Cerebratulus. the 
Glycerids, and Harmathoe imbricata especially notable. These animals indicated a 
diversity of food energy pathways. This diversity creates complicated food-webs and an, 
undisturbed site. 

Summary 

The marine biology/sediment chemistry was conducted in two phases. The intent of the 
two-phase approach was to gain an understanding of the chemical distribution in the first 
phase, and then sample for biological effects within different chemical concentratiori 
zones in the second phase. The Phase 2 sampling was stratified so that benthic and 
bioassay samples (and corresponding chemistry data) were collected from areas with high, 
medium, and low concentrations of metals. 

The thought was that the Phase 2 data could be compared in such a way that a 
"chemical boundary" could be estabUshed. At stations where the chemical concentrations 
exceeded the boundary, a biological effect would be observed. Similarly, at stations 
where the chemical concentrations were below the boundary, no biological effect would 
be observed. 

Due to a complex interaction between physical characteristics, chemical concentrations, 
bioavailability of contaminants, and the adequacy of bioassay test organisms, it was not 
possible to establish chemistry boundaries. Inconsistencies and variability were prevalent 
in two types of comparisons that we attempted to make. The first type compared results 
of biological effects tests (benthos and bioassays) at the same stations. It was not 
uncommon to find inconsistencies between the tests (for example, diverse and abundant 
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benthic populations and poor bioassay survival) at some of the stations. The second type 
of comparison investigated differences in biological effects test results between stations 
that had similar chemical concentrations. This type of comparison commonly showed 
variability between the results. For example, one station had good bioassay survival 
while another had poor survival, yet both had similar chemical concentrations. There is 
no single clear explanation for the inconsistency and variability. Undoubtedly, the factors 
mentioned above (physical characteristics, bioavailabUity of contaminants, and adequacy 
of bioassay test organisms) aU contribute to the explanation. 

Relevant physical, chemical, and biological parameters are summarized in Table 5-3, 
Data from sediment cores were not included in this table because they were unlikely to 
have contained biologically relevant data. Surficial sediment chemistry information, 
however, is pertinent to organisms living on or within the benthos. A number of 
relatively deeply burrowing organisms were encountered at some of the stations (for 
example, Solen sicarius. the jackknife clam, and the ghost shrimp, Callianassa species). 
Although these animals can burrow effectively into the sediment, it is unlikely they would 
go much below 0,5 m in any situation. No larger bivalves or other burrowing animals 
were sampled. Their absence might possibly indicate sediment toxicity, but given the 
array of organisms sampled at most of these stations, it represented either lack of 
suitable sediment or insufficient sampling. Thus, the chemistry data obtained from the 
surficial sediments was the most pertinent to the organisms. 

Because of the overlying sediment and the low solubility of the contaminants, deeply 
buried material was unUkely to have leached much toxic material into the overlying 
water. The surficial sediments would likely retain the leachate, and this is where most 
of the biological effects would be noticed. Given the array of organisms found in these 
areas, it is unlikely that the continued leaching of soluble material at the present rate 
will have any effects other than those measured in this study. 

The relationships of the organisms to the sediments and the contaminants was not clear, 
A number of taxa, particularly mollusks, were likely affected by the contamination, and 
their distributions seem to be altered somewhat (Table 5-2). But the overall organism 
distribution was clearly not significantly influenced by any of the contaminants (Table 
5-4), A multifactor correlation analysis was done using all possible combinations of a 
number of general assemblage factors. These factors were biomass, the number of 
organisms, the number of taxa, and a number of station characteristics such as total 
metals concentration for most of the major contaminants, the amount of gravel and fine 
sediment, and the EPTox levels for arsenic and lead. Hydrocarbon abundances were 
not included in these analyses since they were not detected at enough benthos stations 
to make the correlations significant or meaningful (Table 5-4). 

The number of organisms was positively correlated with the amount of gravel or coarse 
sediment in the samples. The biomass was positively correlated with the arsenic EPTox 
level of the sample. Otherwise, there were no statistically significant correlations with 
any station physical or chemical parameter. Although the correlation between biomass 
and arsenic, EPTox level was notable. There was no correlation between gravel and the 
arsenic EPTox level, thus the arsenic EPTox level did not depend upon the gravel. 
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Table 5-3. Sumnary of station properties, physical and chemical 

STA, 

TOO-2 
TOO-3 
T01-1 
T02-1 
T02-5 
T03-2 
T03-4 
T03-5 
T03-6 
T04-2 
T05-0 

.„T06-1 

-nT08-4 
TlO-1 
T10-2 
Tll-7 
T12-1 
T16-1 
T16-4 
T18-2 
T22-1 
T22-2 

Sediment 

ND = not 
NA = no I 

-

DEPTH 
(ft) 

<10 
105 
83 
77 
310 
135 
250 
310 
370 
165 
35 
90 
160 
105 
43 
60 
150 
30 
70 
195 
73 
30 
84 

GRAVEL 
(X) 

NA 
NA 

35.5 
50,5 
7.4 
2.3 
6,4 
2.3 
4,8 
47,0 
3,6 

31,8 
3,7 
12.5 
18.9 
5,4 
0,1 
43,0 
0,5 
0,0 
0.7 
NA 
NA 

Classification: 

detected 
data 

1 

PHYSICAL 
COARSE 
SAND 
(X) 

Gravel 
Coarse 
Medium 
Fines 

NA 
NA 

12.4 
7,1 
0.5 
3,3 
9,7 
3,7 
5.3 
21.9 
4,6 

25.8 
5.9 
2.9 
10.3 
2.6 
0.3 
7,6 
0.5 
0.1 
0.6 
NA 
NA 

Sand 
Sand 

HEDIUH 
SAND 
(X) 

NA 
NA 

28,7 
24,5 
69.7 
79.7 
61.5 
66.0 
70,8 
19,1 
47.3 
35.3 
66,5 
41,0 
47.6 
68.4 
72,1 
14,8 
32.6 
43.7 
34.1 
NA 
NA 

2 
1, 
0. 

fINES 
(X) 

NA 
NA 

23.5 
17.7 
22,3 
14,4 
22,4 
28.0 
19,1 
8.4 
43,5 
7,3 

23.1 
40.5 
22,6 
22,6 
27.0 
35,1 
65,1 
54.7 
63.1 
NA 
NA 

.0-1,0 irni 

.0-0.5 mm 

.5-0.25 mm 
<0.25 mm 

TOTAL METAL 
As 

(ppm) 

14 
85 
19 
30 
27 
455 
2378 
1940 
1130 
7350 
86 

9150 
2550 
55 
590 
95 
13 

2355 
46 
16 
33 
49 
46 

Cu 
(ppm) 

30 
80 
50 
120 
23 
244 
998 
793 
468 
3025 
805 

3375 
1203 
70 

1873 
152 
21 

8200 
141 
21 
65 
138 
104 

CONCENTRATIONS 
Pb 

(ppm) 

24 
88 
33 
65 
35 
488 
2550 
1565 
845 

6725 
243 

9975 
2223 
62 
860 
77 
28 

3275 
44 
19 
35 
117 
620 

Zn 
(ppm) 

95 
135 
275 
735 
50 
140 
260 
280 
250 
170 
340 
160 
250 
190 

1800 
600 
60 

5600 
220 
70 
120 
300 
340 

CHEMICAL 

Hg 
(ppb) 

1 

60 
225 
68 
110 
91 

2275 
11250 
6175 
2725 
17625 
1200 

21800 
5800 
143 

1000 
176 
55 

3975 
81 
53 
56 
145 
185 

As 
(ppm) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.830 
ND 
NO 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

EP TOX 
Pb 

(ppm) 

ND 
NO 
ND 
ND 
ND 
ND 
ND 

0.020 
ND 
ND 

0,033 
0,020 

NO 
0.020 
0.100 
0,067 

ND 
0,520 
0,020 
0,020 

ND 
ND 
ND 

Cd 
(ppm) 

0. 

0, 
0. 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
025 
NO 
ND 
ND 

.003 
,005 

HYDROCARBONS 
LPAH 
(ppb) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 

1870 
2480 
ND 

53410 
ND 

2600 
ND 
ND 
ND 

HPAH 

(ppb) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

14950 
ND 
ND 
NO 

11650 
2570 
ND 

86180 
ND 

2990 
ND 

1710 
2300 



Table 5-3. Summary of station properties, biological. 
BENTHOS BIOASSAY 

I 

STATION 

100-2 
TOO-3 
TOM 
T02-1 
T02-5 
T03-2 
T03-4 
T03-5 
T03-6 
T04-2 
T05-0 
T06-1 
T06-3 
T08-4 
T10-1 
TlO-2 
T l l - 7 
T12-1 
T16-1 
T16-4 
T18-2 
T22-1 
T22-2 

DEPTH 
(ft) 

<10 
105 
83 
77 

310 
135 
250 
310 
370 
165 
35 
90 
160 
105 
43 
60 
150 
30 
70 
195 
73 
30 
84 

NUMBER OF 
TAXA ORGANISMS 

NA 
NA 
NA 
NA 
102 
NA 
NA 
143 
NA 
192 
NA 
NA 
205 
20S 
112 
NA 
90 
76 
143 
107 
NA 
194 
184 

NA 
NA 
NA 
NA 

930 
NA 
NA 

1614 
NA 

9860 
NA 
NA 

5146 
5418 
5428 
NA 

912 
10892 
4852 
1322 
NA 

12682 
9982 

BIOMASS PER 
STATION 

(g/sq. m.) 

NA 
NA 
NA 
NA 

31,2 
NA 
NA 

62,4 
NA 

117.7 
NA 
NA 

80.2 
91.3 
62.1 
NA 

36,2 
13.6 
47,7 
22,5 
NA 

68,9 
94,9 

ORGANISM 
(mg) 

NA 
NA 
NA 
NA 

33.5 
NA 
NA 

34,4 
NA 

11,9 
NA 
NA 

15,6 
16,9 
11.4 
NA 

39.7 
1,2 
9.8 
17 
NA 
5.4 
9,5 

DIVERSITY 
SIMPSON 

NA 
NA 
NA 
NA 

0,042 * 
NA 
NA 

0.044_^ 
NA 

0.102 * 
NA 
NA 

0,053 + 
0,03 • 
0.072 + 

NA 
0.097 • 
0.523 + 
0.080 • 
0.060_^ 

NA 
0.065 + 
0.068 + 

0.009 

0.013 

0,018 

0.028 
0.004 
0.011 

0.032 
0.302 
0.012 
0.026 

0.021 
0.011 

SHANNON 
-WIENER 

NA 
NA 
NA 
NA 

3,333j_ 
NA 
NA 

3.415j_ 
NA 

3.153_^ 
NA 
NA 

3.759 • 
3.967 • 
3,153^ 

NA 
2,775 + 
1,388 + 
3,311 + 
3.329 + 

NA 
3.512 + 
3.448 + 

0.141 

0.351 

0,101 

0.242 
0,073 
0.165 

0.386 
0.853 
0.107 
0.267 

0.205 
0.081 

J 
(EVENESS) 

NA 
NA 
NA 
NA 

0.721 
NA 
NA 

0,6«fl 
NA 
0,6 
NA 
NA 

0,706 
0,743 
0.668 

NA 
0.617 
0.320 
0,667 
0.712 

NA 
0.667 
0.661 

OYSTER 
NORMAL 
(X) 

70.5 
77,0 
70,9 
56,5 
96.0 
97,9 
89.6 
71.1 
96,3 
86.8 
69.7 
0.0 
73.5 
94.9 
22,5 
63.1 
84.9 
16,5 
91.7 
62.2 
69,3 
79.0 
89,3 

SURVIVAL 
(X) 

33.8 
24,9 
24,5 
21,1 
41,2 
50.7 
25.3 
21.5 
46,3 
27,3 
10.6 
0,0 

33,6 
31.6 
6.8 
13,0 
50.2 
7.2 
12,0 
8.3 
17,3 
20,6 
40.5 

AMPHIPOD 
SURVIVAL 

(X) 

93,0 
71.0 
94,0 
96.0 
61,0 
86.3 
66.0 
61,3 
96,3 
51.0 
91,0 
3.0 
76.0 
63.0 
66.0 
93.0 
96.0 
38.0 
95,0 
63,0 
86.0 
91,0 
75.0 

NA = no data 



Table 5-4. Correlation between sediment factors. 

# Taxa # Org. Biomass Biom/Org As Cu Pb Hg Zn 

# Taxa 

#Org . 

Biomass 

Biom/Org 

As 

Cu 

Pb 

Hg 

Zn 

Gravel 

NS 

< 0.001 

NS 

NS 

NS 

NS 

NS 

NS 

0.4248 
î (12) 

0.1686 

>:::':-;::o;::::::::-:::;:-:>^^^ 

mimmimmmm 

iiiiiiiii 
m 

NS 
• • : • : • < 

0.0010 

NS 

NS 

NS 

NS 

0.8729 
(12) 

0.0002 

0.4140 
(12) 

0.1809 

••III 
NS 

NS 

NS 

NS 

NS 

-0.2924 
(12) 

03564 

-0.8240 
(12) 

0.0010 

-0.2009 
(12) 

0J313 
mmmsmm mmmmm 

MMmmim 
w 

NS 

NS 

0.2583 
(12) 

0.4176 

03306 
(12) 

0.2939 

0.4801 
(12) 

0.1142 

-0.1759 
(12) 

0.5846 

mmmmmM 

iiiiiiiii 
ssllllliljlllllll 

NS 

NS < 0.001 

NS NS 

-03354 
(12) 

0.2866 

0.4660 
(12) 

0.1268 

-0.2217 
(12) 

0.4887 

-0.4671 
(12) 

0.1258 

0.4923 
(12) 

0.1040 

mmmHiimm 

<0.05 

c 0.001 

0.1880 
(12) 

0.5584 

0.4266 
(12) 

0.1666 

0.4232 
(12) 

0.1702 

-0.2770 
(12) 

03834 

0.9832 
(12) 

0.0000 

0.6228 
(12) 

0.0305 

:::;:;;;:;:;;;S:S:g 

:;;;;;: 

NS 

-0.4769 
(12) 

0.1170 

0.4086 
(12) -

0.1873 

-0.4224 
(12) 

0.1714 

-0.4774 
(12) 

0.1165 

0.1334 
(12) 

0.6794 

0.9247 
(12) 

0.0000 

0.2903 
(12) 

0.3600 

mmimmm 

^ ^ 

0.2975 
(12) 

03477 

0.2709 
(12) 

03943 

0.5213 
(12) 

0.0822 

-0.0947 
(12) 

0.7698 

0.9910 
(12) 

0.0000 

03984 
(12) 

0.1996 

0.9554 
(12) 

0.0000 

0.0325 
(12) 

0.9201 

NS 

NS < 0.001 

NS 

NS 

NS < 0.001 NS <0.001 

NS <0.05 < 0.001 < 0.001 

NS 

NS <0.05 

Fines 
NS NS NS NS NS NS NS NS NS 

As-EpTox 
NS NS <0.05 NS < 0.001 NS < 0.001 NS 0.0001 

Pb-EpTox 
NS NS NS NS NS <0.05 NS < 0.001 NS 

NS = Non-significant 

CELLS: Correlation coefficient 
(Sample size) 
Probability 
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Table 5-4. Correlation between sediment factors. 

#Taxa 

#Org . 

Biomass 

Biom/Org 

As 

Cu 

Pb 

Hg 

Zn 

Gravel 

Fmes 

As-EpTox 

Pb-EpTox 

Gravel 

0.0360 
(10) 

0.9213 

0.8883 
(10) 

0.0006 

0.2844 
(10) 

0.4258 

-0.5832 
(10) 

0.0768 

0.7372 
(10) 

0.0L50 

0.8126 
(10) 

0.0043 

0.8291 
(10) 

0.0030 

0.6112 
(10) 

0.0605 

0.6606 
(10) 

0.0376 

Mmiimmm 

l i 
NS 1 

: • • : • • ! : 

NS 

NS 

Fines 

-0.1605 
(10) 

0.6577 

-0.2060 
(10) 

0.5681 

-0.4589 
(10) 

0.1822 

-0.2440 
(10) 

0.0660 

-0.6012 
(10) 

0.6600 

-0.2D5 
(10) 

0.5536 

-0.5821 
(10) 

0.0775 

-0.0118 
(10) 

0.9742 

-0.6056 
(10) 

0.0635 

-0.4624 
(10) 

0.1785 

i i i i i i i i i 

iiiiiii 
msmmmm 

NS 

NS 

As-EpTox 

0.3902 
(10) 

0.2649 

0,5125 
(10) 

0.1299 

0.6546 
(10) 

0.0400 

-0.2031 
(10) 

0.5735 

0.8887 
(12) 

0.0001 

0.2292 
(12) 

0.4736 

0.8519 
(12) 

0.0004 

-0.1203 
(12) 

0.7096 

0.8922 
(12) 

0.0001 

0.6656 
(10) 

0.0357 

-0.5065 
(10) 

0.1352 

iiiiiiiii 
•:::•: :::::-:::::;:::::»>::;v:v;:;::> 
;o:::>::::::-x::;::::::::::::::>:::::::::;:; 

NS 

1 

Pb-EpTox 

-0.4897 
(10) 

0.1508 

0.4869 
(10) 

0.1535 

-0.4600 
(10) 

0.1809 

-03516 
(10) 

03191 

0.2761 
(12) 

0.3851 

0.7993 
(12) 

0.0018 

0.3827 
(12) 

0.2195 

0.7551 
(12) 

0.0045 

0.1754 
(12) 

0.5855 

0.5755 
(10) 

0.0817 

-0.1937 
(10) 

0.5917 

0.0823 
(12) 

0.7991 

iiiiiiii 
'Mmmmmm 
i i i i i i i i i 
iiiiiii 
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These analyses indicated the relationships between the organisms, sediments, and the 
-contaminants was complicated.--Station T12-1 was substantially polluted-with metallic_and-
hydroearbon-eontaminants.-- Examination of the cluster analysis of the -benthos showed, 
that the station most like T12-1 was TlO-1 (Figure 4-88). On this basis, it would seem 
reasonable to infer that TlO-1 was similarly contaminated. Although TlO-1 had relatively 
high levels of contaminants, it was not as contaminated as station T4-2, which was 
ecologically diverse, and had few apparent contaminant effects. 

Stations T4-2, T6-3, and T8-4 were clustered in the analysis (Figure 4-88). They had 
dissimilar bioassay results and chemical contamination. Their sediment particle size 
distributions were similar, however. And they occupied a similar depth range. It 
appears that these communities were not structured by the contamination, but rather by 
the normal ecological processes in the area. 

Normal ecological effects were difficult to separate from the contamination effects. 
Station Tll-7 was similar, in many regards, to station T12-1. It had low organism 
diversity and numbers. Yet Station Tll-7 is one of the cleanest stations in the whole 
array with regard to chemical contamination, having chemical concentrations substantially 
below those of the distant reference sites (Table 5-4), 

Contaminate effects appeared limited spatially to those sites near shore, particularly 
T12-1 and TlO-1, Some more distant stations (for example, Station 16-4) were not 
clearly dominated by contamination effects. 

Stations in the area of slag deposition showed a marine benthic community altered 
substantially from that found normally on the native mixture of sand and silt. This 
community was dominated by organisms more typically found in coarse sediment or 
cobble-substrate communities. The assemblage found at Stations T4-2, T8-4 and T6-3 
was rich and diverse, with good larval recruitment, and complex ecological interactions. 
This assemblage appeared normal, with little or no effect of the substantial metal 
concentrations present in the slag. 

One aspect of contaminant persistence that this RI did not address was the presence/ 
absence of contaminants of concem in marine organisms farther up the food chain from 
benthic biotas. Given the apparent ability of benthic communities to thrive at stations 
that had high chemical concentrations, the issue of contaminants being passed along the 
food chain becomes an important one. 

Concentrations of inorganic substances were reported for muscle tissue of English sole 
captured along the Ruston shoreline in the Commencement Bay Nearshore/Tideflats RI 
(Tetra Tech 1985), Sole were caught in trawl from three stations along Ruston: north 
of the smelter site, immediately in front of the smelter site, and to the south of the 
smelter site. Mean values from these sites combined were reported as follows: 
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Analvte 

Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Nickel 
Silver 
Zinc 
Mercury 

Ruston eppm") 

6.3 
0,01 
0.20 
0.096 
0.16 
0.148 
0.002 
3.9 
0.052 

Carr Inlet Reference 

7,9 
0,02 
0.19 
0.038 
0.22 
0,115 
0.008 
3.7 
0.055 

Of these analytes, only copper was significantly higher (P<0,05) than the Carr Inlet 
reference area, 

English sole were also examined for hepatic lesion prevalence. There was no significant 
prevalence in fish from the trawls immediately offshore of the smelter site and to the 
north of the smelter site. There was significant lesion prevalence in sole captured in the 
trawl to the south of the plant site (Tetra Tech 1985). 

Crab muscle tissue from the Ruston shoreline area was not collected for inorganic 
concentration analysis (Tetra Tech 1985). 

5.3 CONTAMINANT MIGRATION 

5.3.1 AIR QUALITY 

The "Guideline On Air Quality Models (Revised)" recommends the Industrial Source 
Complex models (ISCST and ISCLT) for modeling fugitive dust sources (EPA 1986). 
The "ST' and "LT* in ISCST and ISCLT stand for the short-term and long-term versions 
of the same model. ISCLT required a frequency distribution of meteorological data to 
calculate annual impacts. The ISCST mo(Jel requires hourly meteorological data and 
calculates ambient concentrations and particle deposition for point, area, and volume 
sources for 8- and 24-hr values. ISC calculates deposition through user-specified 
gravitational settling velocities and particle reflection coefficients. Because the models 
do not calculate impacts at receptors located above emission height, flat terrain was 
assumed. The model does not calculate particle deposition velocities. 

Deposition velocity has been defined as the deposition flux per the pollutant 
concentration at some reference point. Near the surface, the atmosphere is composed 
of turbulent and quasi-laminar layers that control the deposition process. Depending 
upon particle size, particle density, and frictional effects present at the surface, particle 
deposition can be greater than that defined by gravitational settling alone. 

FDM was designed to take a more realistic view of particle settling by calculating 
deposition velocity. The model uses computer codes developed by the California Air 
Resources Board based on the work of George Sehmel of Battelle Pacific Northwest 

5-20 



Laboratory. The model has performed well in previous modeling comparison studies and 
is an improvement over the ISC models. Much like ISC, FDM will calculate ambient 
concentrations and depositions of short- and long-term averages for point, volume, and 
area sources. The model assumes flat terrain. 

Neither model takes into account the effects of terrain. However, Asarco was modeled 
as a collection of area sources which emits dust at ground level. Therefore, the center 
of the plume will remain at the surface producing maximum ground level fugitive dust 
impacts. The no terrain approach is considered to be a reasonable estimate of fugitive 
dust impacts. 

5.3.1,1 Sources 

TRC's approach focused on the major sources located closest to off-site receptors free 
of wind barriers. Three general areas were selected to represent plant emission sources. 
The area of greatest concem is the site stabilization area which extends from the 
Herreshoff roaster bag house to the stack area and the area extending southward to the 
tavern site. The area is within the plant fence and generally free of all vegetation. The 
area was divided into four area sources, depicted in Figure 5-2 as sources 1 through 4. 
ISC requires that square area sources are defined for model input. Although, Figure 
5-2 exaggerates the plant boundary line to the Ruston town limits, the plant boundary 
corresponds approximately with sources 1, 2, and 3, 

Area sources 5 and 6 include the area from the Bennet Street plant boundary and the 
area around these locations: main offices; refinery 1, 2, and 3; parking lots; and the 
power house. The area is closest to the Ruston school site and residents along Bennet 
Street, The area is not expected to produce a large quantity of emissions since it is 
partially paved. 

Sources 7 and 8 encompass the area south of the fine ore storage areas close to the 
sulfur dioxide plant. This area is open to the wind and is mostly paved although 
partially covered with soil. The sulfur dioxide plant and facilities located on the land 
side of the plant will not provide significant resistance to soil migration because the 
process equipment is not enclosed. The equipment has been sold and was being 
dismantled. The source definition also allows the placement of receptors on plant 
property. This is of greatest importance for the ISC models which will not calculate 
deposition and concentrations for receptors located within 1 m of a source. 

The areas east of sources 5 and 6 and north of sources 4 and 7 are not expected to 
produce significant impacts in the study area. This is based on the assumption that plant 
structures will act as barriers to the wind and confine the impact of this area to the 
plant. Complex cavity circulation is beyond the capabilities of both models. All sources 
are modele(3 as ground-level sources. 

Particle composition and size distribution data were incorporated in model input. Based 
on the methodology established in the ISC users guide, particle characteristics were 
determined for arsenic trioxide, which was chosen to represent all arsem'c species 
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migrating from the site (see Table 5-5). The four values presented in the table are 
these: (1) mean particle diameter, (2) the fraction of total mass composing each 
individual particle size class, (3) velocity with which a particle will settle due to the force 
gravity, and (4) the tendency of the particle to stop, reflection coefficient (r,c.) = 0.0, 
when it reaches the surface or to continue moving, r.c. = 1,0. The particles were 
assumed to have the same density as arsenic trioxide, 3.8 g/cm"'. 

Table 5-5. Particle characteristics used in the modeling. 

Category 1 2 3 

Mean diameter (wm) 
Mass fraction 
Settling velocity (m/s) 
Reflection coefficient 

1.57 
0.0963 
0.0003 
1.0 

6,92 
0,4408 
0.0054 
0.84 

21.54 
0.4629 
0.0525 
0.61 

Source: TRC Environmental Consultants, Inc. 

5.3.1.2 Receptors 

A review of the wind roses for 1982, 1983, and 1984 indicates that southwest and 
northeast wind directions dominate at the plant location. Northeast winds dominate 
during the summer when winds are lighter and mean monthly precipitation averages less 
than one inch. Higher velocity southwest winds predominate during the winter months, 
producing the wet conditions the Pacific Northwest is known for. The receptor array was 
designed to account for both wind conditions and to cover the residential areas of 
Ruston and Tacoma. Receptors were placed at 100 m intervals from the source 
boundaries west to Pearl Street and south to North 46th Street. All ambient monitors 
were included in the receptor grid. A number of receptor points were also placed over 
Commencement Bay and on the Asarco site to define impacts for these areas. The total 
number of receptors was 147 for FDM and 144 for ISC. More receptors were included 
in the FDM model runs because FDM permits placing receptors within or near an area 
source. 

ISCLT was run using the STAR frequency distributions generated from the 
Asarco/SeaTac meteorological data sets from the years January 1982 through June 1985, 
A STAR frequency distribution plots the frequency of winds from the sixteen cardinal 
wind directions for six wind speed classes and six stability types. The model was run in 
a regulatory mode for both deposition and concentration calculations. When 
concentrations were calculated, no particle deposition was assumed. Thus, concentration 
estimates were conservative. The concentrations and deposition for the maximum impact 
year was plotted for easy analysis. 
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The FDM is specifically designed to calculate deposition of particulate matter. The 
model calculates total deposition based on the gravitational settling and depositional 
velocities. The models were mn using input parameters similar to ISCLT, However, 
particle deposition was not assumed during the concentration determination. 

The short-term analysis focused on high wind events during the driest periods of the 
year. June, July, and August of 1982 through 1984 were modeled with ISCST for periods 
with higher winds and neutral stabilities. The year 1985 was not modeled since only 
June meteorological data were available. A variable emissions option in ISCST was 
used. It allowed half of the short-term emission rates during neutral stabilities and wind 
between 3,1 and 5,2 m/sec and the full short-term emission rates for periods with winds 
greater than 5.2 m/sec. This method allows ISCST to identify the periods when high 
emissions and impacts are expected. Since FDM is an episodic model, only the days 
identified by ISCST were modeled with FDM. 

Deposition modeling was done identically to concentration modeling, except particle size 
data were included. Unlike ISC, FDM calculates deposition and settling velocities for 
each of the averaging periods under review. Annual and 24-hr deposition were estimated 
for both models. 

5,3.1,3 Results 

Contour maps (isopleths) of concentration and deposition are presented in Figures 5-3 
to 5-12, Isopleth diagrams are a convenient means of displaying the spatial distribution 
of pollutant concentrations. The diagrams indicate that ISC and FDM predicted 
maximum impacts slightly at different locations. Figures 5-3, 5-4, 5-9, and 5-10 depict 
the annual concentration and deposition estimates. The 1983 meteorological data 
produced the highest annual impacts for both models, ISCLT favored the area of plailt 
demolition as the location of maximum annual concentration and deposition, FDM 
showed similar tendencies although the maximum impact point was more sharply defined, 
with a stronger concentration gradient and was located south and east of the ISCLT 
maximum. This difference is due to the technique used in FDM for the treatment of 
each area source as five line sources compared to ISC, which considers a square-area 
source. Table 5-6 is a list of the maximum predicted annual and short-term impacts on 
and off the site. 

Figures 5-5, 5-6, 5-9, and 5-12 depict the maximum short-term predicted concentration 
and deposition estimates for both models. Maximum impacts occurred for the 1984 
meteorological data, ISCST consistently predicted the maximum 8- and 24-hr impacts 
at receptors within the plant boundary downwind of the sources during southwest winds. 
Secondary maximums occur along the southwestem comers of the plant close to the 
Ruston school and the tavem site. The deposition and concentration gradients are 
greatest closest to the plant boundaries. In no case, are the ISC results above the 
Washington Department of Ecology arsenic community exposure standards of 0.3 and 2.0 
figlrr? for the annual and the 24-hr periods. 
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FDM predicted maximum impacts to occur in and around the area of the cooling pond, 
Gallagher Way and Dock Street. Maximum 24-hr impacts are depicted as approximately 
U /^g/m"' an(l 2.2 fig/m^ for an 8-hr average. This area, however, is not indicative of 
areas where impacts will typically occur for local residents. The Ruston school and the 
tavem site are areas where local residents will be exposed to the impact of the smelter. 
Off-site impacts of 1.0 and 0.4 fxglxĉ  respectively can be expected for the 24-hr period 
at these locations. Deposition estimates from FDM indicated that maximum off-site 
deposition will be less than 0.1 g/m^ arsenic per year at the property line west of the 
Asarco stack. Total deposition of TSP at this receptor is estimated at 1.3 g/m^. 

Table 5-6. Asarco arsenic concentration and deposition. 

Maximum 
Concentration 

(/^g/m^) 

Maximum 
Deposition 

(g/m") 

ISCLT FDM ISCLT FDM 

ANNUAL 

on site 
off site 

24 HOUR 

on site 
off site 

8 HOUR 

on site 
off site 

0.13 
0.13 

0.98 
0.59 

Ll 
0.8 

0 3 
0.2 

2.8 
1.5 

3.8 
2.2 

0.0008 
0.0008 

0.0001 
0.0001 

0.12 
0.07 

0.0061 
0.0036 

Source: TRC Environmental Consultants, Inc 

Concentrations of other elements can be calculated from the concentrations presented. 
To do so, it must be assumed that the deposition rates of TSP, as previously defined for 
the arsenic modeling, are applicable for the oxides of copper, lead, and cadmium. The 
concentrations of copper, lead, and cadmium can be determined by multiplying the 
arsenic concentrations the following factors: 

Metal Factor 

antimony 
cadmium 
chromium 

0.12 
0.01 
0.02 
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copper 1.00 
lead 0,90 
nickel 0.02 

The conversion factors are simply the ratios of the concentrations of these metals to the 
arsenic concentration of the soils as determined by the NEA analysis. 

5.3.1.4 0.5 Kilometer Analysis 

Further analysis refined the analysis of the impact of the facility on residents in Ruston. 
Most people do not live in the immediate vicinity of the plant and, therefore, will not 
be exposed to impacts at the property line. To determine a more realistic community 
exposure to suspended and deposited arsenic trioxide, ISC and FDM were mn with a 
receptor grid 0.5 km from the center of Source 4, Nineteen receptors were placed on 
radials from 140 degrees to 320 degrees at 10-degree intervals. Receptors on the 340-
degree radial will be located slightly north of the Ruston school. The receptors will 
follow Winnifred Street, and cross Baltimore and Orchard Streets more than 100 m south 
of the plant boundary. At that distance, ISC and FDM give comparable results. The 
results of modeling at these locations are listed in Table 5-7. 

5.3.1.5 Conclusions 

TRC performed a modeling analysis to determine the air quality impacts of the existing 
Asarco smelter on the residents of Ruston and Tacoma, Ambient concentrations and 
total deposition of arsenic and other metals were estimated using the meteorlogic data 
collected for the years January 1982 through June 1985, Maximum impacts were 
predicted for fugitive emissions generated at the site or at the property line in the 
demolition area. The ambient impact of wind-blown dust from the site decreases rapidly 
with distance from the site. 

For a comparison of modeling data to ambient arsenic monitoring data recorded at two 
plant boundary locations, Asarco low-volume sampling data were compared to the worst-
case annual and short-term model predictions listed in Table 5-8, Ambient monitoring 
data for 1988, complete though August 25, 1988, represents the only data from a period 
when site operation or demolition was not occurring. 

Table 5-8 indicates that both modeling techniques performed reasonably well for the 
worst-case annual averages predicted for 1983 meteorological data. Of all the values, 
only the FDM predictions for the tavem site show poor agreement with ambient data. 
This indicates the sensitivity of the model to source size, since sources 1 and 2, closest 
to the tavern site, are the smallest area sources defined for Asarco study. The tavern 
site data will also be impacted by local sources of particulate matter, which will add to 
the background levels of arsenic not added to these results. Off-site open lots and 
roadways abound in the immediate area. 
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Table 5-7. Annual and 24-hour concentration and deposition at OJ km. 

Annual Arsenic Concentration and Deposition 

Concentration Deposition 

Direction 
From Site in Degrees 

ISC FDM 
(^g/m^') 

0.043 
0.031 
0.027 
0.027 
0.026 
0.027 
0.027 
0.027 
0.028 
0.030 
0.033 
0.036 
0.042 
0.043 
0.038 
0.037 
0.040 
0.048 
0.064 

0.026 
0.023 
0.021 
0.021 
0.022 
0.022 
0.023 
0.022 
0.022 
0.024 
0.025 
0.026 
0.025 
0.026 
0.026 
0.029 
0.033 
0.042 
0.063 

Concentrations and D 

0.03 
0.02 
0.03 
0.03 
0.07 
0.11 
0.15 
0.18 
0.19 
0.16 
0.19 
0.25 
033 
037 
0.24 
0.23 
0.29 
034 
0.47 

022 
0.17 
0.05 
0.05 
0.07 
0.11 
0.16 
0.23 
0.25 
0.24 
0.27 
031 
032 
0.21 
0.17 
031 
0J3 
0,75 
0.95 

ISC FDM 
(g/m^) 

0.0003 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0003 
0.0003 
0.0003 
0.0003 
0.0003 
0.0002 
0.0003 
0.0003 
0.0003 

>.00001 
>.00001 
>.00001 
>.00001 
0.00001 
0.00001 
0.00002 
0.00002 
0.00002 
0.00002 
0.00002 
0.00003 
0.00003 
0.00004 
0.00002 
0.00003 
0.00004 
0.00004 
0.00006 

0.007 
0.006 
0.007 
0.007 
0.008 
0.009 
0.008 
0.006 
0.006 
0.006 
0.007 
0.008 
0.010 
0.006 
0.006 
0.006 
0.008 
0.008 
0.014 

0.0002 
0.0002 
0.0001 
0.0001 
0.0001 
0.0002 
0.0003 
0.0004 
0.0005 
0.0005 
0.00O6 
0.0006 
0.0007 
0.0005 
0.0003 
0.0006 
0.0001 
0.0016 
0.0022 

320 
310 
300 
290 
280 
270 
260 
250 
240 
230 
220 
210 
200 
190 
180 
170 
160 
150 
140 

320 
310 
300 
290 
280 
270 
260 
250 
240 
230 
220 
210 
200 
190 
180 
170 
160 
150 
140 

Source: TRC Environmental Consultants, Inc. 
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Table 5-8. Ambient monitoring data and model comparison. 

1988 ANNUAL DATA 
(/'g/ni3) 

SITE MEASURE ISCLT FDM 

TAVERN SFTE 0.09 0.07 0.04 
ASARCO PARKING 0.09 0.07 0.07 

1988 TWENTY-FOUR HOUR DATA 
(^g/m3) 

TAVERN SITE 0.7 0,5 0.4 
ASARCO PARKING 0.6 0 3 0,9 

Source: TRC Environmental Consultants, Inc. 

Twenty-four hour predictions for 1984 show a much wider variation of results when 
compared to the annual values. ISCST underestimated ambient concentrations for both 
receptors. FDM results indicate much of the same tendencies displayed for the annual 
predictions. Underestimations at the tavern site are slight, less than 30 percent, FDM 
overestimated the impact at the Asarco parking site by less than a factor of two. The 
Asarco ambient data also indicates that peak wind-blown dust events can occur during 
periods other than summer months. This analysis also demonstrates the difficulty of 
comparing measured values with predictions generated for different modeling years. 

The Asarco analysis was done to estimate the amount of wind-blown dust created at the 
site and moving off-site to populated areas surrounding the plant. The analysis is 
conservative by assuming the site to be open and unpaved, creating high emission rates 
from the plant. The potential for soil erosion was assumed to represent a site more 
active than the low levels of activity occairring at the Asarco facility. The degree of 
conservatism is necessary to account for the uncertainties of the analysis due to the 
model's inability to account for terrain for ground-based releases. In addition, the 
analysis was done for current site conditions, using past on-site meteorologic data. 

The analysis presents a reasonable estimate of conditions on- and off-site. The 
distribution of impacts represented by the isopleth diagrams are a good indication of 
wind-blown dust effects. Ambient impacts of arsenic are expected to be highest on site 
and not expected to exceed ambient guidelines off site. 

5.3.2 SURFACE WATER 

Contaminant migration follows the routes of migration discussed in Section 5,1,2, Metals 
are the contaminants of concem in surface water. 
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Arsenic and copper concentrations at the background sites (SW-1 and SW-2) are elevated 
above that in average residential mnoff. Metal concentrations in runoff from residential 
communities in metropolitan SeatUe (Stewart et al. 1988) were compared to 
concentrations at the background stations. The average total arsenic concentration at the 
background stations was nine times higher than Seattle's residential mnoff, while copper 
was six times higher. The concentration of all other metals were not elevated at the 
background stations. 

The predominant source of metals to surface waters discharging to Commencement Bay 
is located in the central plant area. Overland mnoff from this area enters the drainage 
system in the lower subbasins of the middle and south outfall. This mnoff would have 
to be highly contaminated to account for the dramatic increase in concentrations from 
the upper subbasins to the lower subbasins. The increase in concentration was different 
for each metal, as discussed in Section 4,2, and reflects the relative concentration in 
mnoff and pipe sediment from the central plant area. 

Significant quantities of metals are migrating from the surface water to the groundwater 
in the south outfall lower subbasin. The flow of this groundwater recharge can be 
estimated at 90 percent of the flow at SW-12 (see Section 5.1,2). The annual loading 
of metals from groundwater recharge is estimated to be about two-thirds of the south 
outfall loadings presented in Table 4-3, This assumes metals concentrations equal to 
the average of mean values at SW-12 and the outfall (SW-11). 

The migration of metcds from the outfalls in marine waters was not studied. The 
direction and distance of migration would depend on nearshore surface currents. The 
distance of migration would vary for each metal, depending on each metal's settling 
rates. Particulate metals would settle faster than dissolved metals. Thus, metals like 
lead and mercury that are nearly all particulate would not migrate far in marine waters, 
relative to metals like zinc, nickel and cadmium that are nearly all dissolved. 

Metal concentrations in the outfall discharge would be diluted as it is mixed with marine 
water. A simple outfall plume model was used to predict the dilution rate of the 
discharge as it rises to the surface. The dilution rate of the middle outfall was predicted 
to range from 6.5 (during low tide and a high flow of 2.5 cfs) to 35 (during high tide 
and a low flow of 0.5 cfs). Dilution rates at the other outfalls would be higher than the 
middle outfall because of lower discharge flows. 

Metal concentrations in the surfaced discharge water would be further diluted as it is 
dispersed with tidal currents. A two-dimensional dispersion model predicts a minimum 
dilution rate of 10 in 12 hours. Thus, depending on the tide level and flow rate, water 
discharged at the middle outfall would be diluted a minimum of 65 to 350 times, twelve 
hours after it was discharged. Comparison of this dilution range to the concentration 
ratios presented in Table 4-2 indicates only copper would still exceed marine chronic 
criteria 12 hours after it was discharged. 
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5.3.3 GROUNDWATER 

Depending on the tide level and flow rate, the copper concentration at the middle outfall 
would have to be between 182 and 980 ppb to meet marine chronic criteria 12 hours 
after the discharge. This estimate assumes an initial copper concentration of 5,557 ppb 
in the outfall (Table 4-2), a background copper concentration of 0,1 ppb in Puget Sound 
(PSWQA 1988), and dilution rates of 65 and 350 times. Thus, the copper concentration-
at the middle outfall would have to be reduced 5 to 30 times to meet marine chronic 
criteria 12 hours after the discharge. 
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6.0 BASELINE RISK ASSESSMENT 

6.1 BACKGROUND 

The Tacoma Plant, owned by ASARCO, Inc., operated as a smelter from 1890 to 1985. 
The main activities were the smelting of copper and the production of various byproducts 
including arsenic and liquid sulfur dioxide. The site covers 67 acres bordering 
Commencement Bay, the Town of Ruston, and sections of urban Tacoma, WashingtoiL 

Under the terms of a 1986 consent order, Asarco was required to demolish various 
facilities associated with copper smelting at the Tacoma Plant, and to conduct a 
Remedial Investigation and Feasibility Study of the site in agreement with the U.S. 
Environmental Protection Agency, Region X. In accordance with the consent order, 
Asarco has completed some site remedial activities such as removal of selected buildings. 

As part of the Remedial Investigation, Asarco retained Environmental Toxicology 
International, Inc. (ETI), to perform a baseline health risk assessment. The baseline risk 
assessment estimates human health risks associated with lifetime exposure to (1) the 
chemicals presently in the soil at the site and (2) off-site concentrations of metals in 
fugitive dust. Three hypothetical exposure scenarios were developed cooperatively by 
Asarco and EPA to evaluate the risks from residential site use, industrial site use, and 
off-site residential exposure to fugitive dust. Risks to off-site residents due to the existing, 
levels of metals in soils were calculated in the Ruston/Vashon Island Endangerment 
Assessment, 

This report was prepared for the exclusive use of ASARCO, Inc, and EPA All work 
was conducted in accordance with generally accepted state and federal guidelines at the 
time of our investigation. No other warranties, expressed or implied, are made as to the 
professional advice provided. 

6.2 INDICATOR CHEMICALS 

The indicator chemical selection process for this assessment involved a detailed review 
of the site characterization data, regional background concentrations, soil analytical 
results, ambient levels in air, chemical toxicity, and chemical environmental fate and 
transport. Those chemicals that pose the greatest potential health risk at the site were 
chosen as "indicator chemicals." 

Most hazardous substances detected in site soils were metals associated with the smelting 
and refining operations. The metals selected as indicator chemicals at the site were 
antimony, arsenic, cadmium, copper, chromium, lead, mercury, and nickel. Organic 
chemicals of concem at the site were the high-molecular-weight variety of polycyclic 
aromatic hydrocarbons (HPAHs) and PCBs, These organic chemicals occur in distinct 
areas of contamination but were not disturbed throughout the site. 
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Unsubstituted dibenzofuran, unsubstituted dibenzothiophene, and m-nitroaniline were 
conservatively included as possible chemicals of concem. These chemicals lack the 
necessary EPA criteria to be quantitatively evaluated by the indicator chemical screen. 
The available evidence indicated that these chemicals are of minor health concern at the 
few locations where they were detected on site. 

63 EXPOSURE ASSESSMENT 

Three separate scenarios were considered that cover a range of possible exposure 
conditions for hypothetical populations exposed to the site. These scenarios assumed that 
current soil conditions remain unchanged (no-action altemative). A residential scenario, 
which considers lifetime exposure to the site in its current condition by a hypothetical 
resident living on the site, was used to estimate the worst-case exposure scenario. An 
industrial scenario considered the potential exposure for workers if the site was developed 
for heavy or light industry. An off-site residential scenario evaluated exposure to fugitive 
dust by a population residing near the boundaries of the Asarco property. 

The relevant pathways and routes of exposure to indicator chemicals at the site depend 
on the type of chemical and the population of concem. For on-site residents, the most 
important pathways were determined to be ingestion of metals and organic chemicals in 
soil, ingestion of metals in home-grown vegetables, inhalation of metals in dust, and 
dermal absorption of organic chemicals in soil. Workers were assumed to have the same 
routes of exposure as residents, except that ingestion of home-grown vegetables was not 
included as an exposure pathway. For off-site residents, the pathways of concem were 
inhalation of metals in fugitive dust and ingesfion of metals in soil from deposition of 
dust from the site. 

Exposure to surface water in the cooling pond on site appeared to be a less significant 
exposure pathway than exposure to surface soil. This determination was based on an 
examination of cooling pond sediment analytical data. Copper may be an exception given 
the elevated levels of this metal in soil near the pond. A screening evaluation of acute 
exposure to total metals in storm water mnoff yielded no significant exposures, assuming 
one-time ingestion exposure by children playing in puddles. Exposure to fish in 
Commencement Bay was studied in the Commencement Bay/Nearshore Tideflats 
Feasibility Study and thus was not duplicated in this report. 

6.4 TOXICITY ASSESSMENT 

The toxicity assessment section summarizes the toxic effects associated with the calculated 
doses of the indicator chemicals to which hypothetical on-site and off-site populations are 
exposed. The EPA criteria used to calculate the quantitative risk estimates from the 
exposure doses are described. The toxlcological properties of many of the indicator 
chemicals are presented in more detail in Appendix C, including discussion of effects 
associated with higher concentrations of these chemicals. 

Dibenzofuran and m-nitroaniline were evaluated qualitatively in the toxicity assessment 
because the available data were insufficient to evaluate their associated health risks 
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quantitatively. The available toxicological information did not indicate that these 
chemicals would be a major health concem at the low levels that occur on the site. 
Moreover, neither have been shown to be carcinogenic and thus exclusion of these 
chemicals from the quantitative risk assessment will not affect the overall carcinogenic 
risk for the site. Dibenzothiophene lacks sufficient toxicological data to be evaluated. 
This chemical is stmcturally similar to dibenzofuran and was detected at lower levels, 

6.5 RISK CHARACTERIZATION 

A range of quantitative risk estimates are given for both carcinogenic and non-
carcinogenic effects. Carcinogenic risk is the risk of developing but not necessarily dying 
of cancer. 

Risk estimates for carcinogenic effects due to exposures at the Asarco site were 
compared to target risk levels set by EPA (10"̂  to 10"̂ ), Non-carcinogenic effects were 
assessed by comparing the dose of each indicator chemical by each route of exposure to 
the acceptable daily intake for chronic exposure developed by EPA. 

The major determinant of carcinogenic risk for the site is arsenic, primarily by ingestion. 
Risks are highest for the hypothetical residential use scenario (10"̂  to 10"̂ ) and about an 
order of magnitude lower for the industrial use scenario. 

Risks associated with HPAHs were 10"̂  to 10'̂  for "worst-case" and "typical" exposure 
respectively, assuming that all HPAHs are the carcinogenic benzo(a)pyrene. HPAHs" 
were localized to a few areas and were not detected on most of the site. 

The risks for the other carcinogenic substances (inhalation of chromium, nickel, and 
cadmium, and oral and dermal exposure to PCBs) were 10'̂  or lower and within EPA 
guidelines for allowable exposure. 

Risks to off-site residents due to inhalation of carcinogenic metals in fugitive dust were 
within allowable guidelines. Worst-case risks were 10 at the site boundary and 10'̂  for 
more realistic exposure at 0.4 km from the site boundary. Arsenic was the primary 
source of this risk. Based on "worst-case" calculations, deposition of arsenic in fugitive 
dust is not expected to increase the lifetime risk to off-site residents measurably above 
current risks calculated for soil ingestion, which have been estimated to be 10 to IO'"' 
(Black and Veatch 1988). Despite this relatively high risk (one-in-a-hundred to one-in-
a-thousand), epidemiological studies of the surrounding community have not shown 
statistically significant increases in morbidity or mortality relative to the general 
population (Black and Veatch 1988). Although epidemiological studies are inherently 
weak statistically, this discrepancy may also be explained by the tendency for current risk 
assessment methodology to overestimate cancer risks to most residents near this site and 
thus to theoretically predict far more cases of cancer in the population than are actually 
observed. Few individuals would match the worst-case exposure assumptions used such 
as continuous lifetime residency and high contaminant intake rates. 
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Major determinants of non-carcinogenic risks are ingestion of lead, and less importantly 
ingestion of antimony, copper, and cadmium. The latter metals are of concern under 
"worst-case" exposure conditions but not for more realistic conditions ("typical"). 
Assuming that children are living at the site with present soil conditions, ingestion of lead 
in soil is conservatively estimated to result in a dose that is 60 times the "acceptable" 
dose under "worst-case" conditions and four times the "acceptable" dose under "typical" 
conditions. By comparison, exposure for workers at the site would result in a "worst-
case" ingestion dose for lead of five times the acceptable level. "Worst-case" exposure 
assumes that workers ingest soil during earth-moving activities. Under "typical" exposure 
conditions, ingestion by workers results in dose estimates below the acceptable level of 
chronic exposure. 

The above-mentioned risk estimates for exposure to lead at the site reflect the 
conservative assumptions used in this risk assessment. The conservative nature of the lead 
exposure assumptions used is further indicated by the lack of an increase in blood lead 
levels in children living near the site due to increased lead levels in soil. Blood lead 
levels of school children living within a mile of the smelter apparently were not elevated 
in this area relative to a control population that was not exposed to the smelter (Glass 
1984). A conservative approach to risk estimation is justified, however, given the higher 
lead soil concentrations on site (average = 3,800 ppm) and the growing regulatory 
concern that adverse effects in children may occur at lower blood lead levels than 
previously believed to be safe (USEPA 1988b). 

Estimated non-carcinogenic risks via inhalation of lead by on-site or off-site populations 
did not exceed state and federal guidelines and are therefore not expected to cause 
adverse effects. 

6.6 CONCLUSIONS 

Residential use of the site would require reduction of primarily arsenic and secondarily 
lead and HPAHs levels. Risks from all other indicator chemicals are within EPA 
allowable levels under typical exposure conditions. Industrial use of the site will mainly 
require reduction of arsenic levels. Worst-case off-site arsenic levels in air are within 
the 10"̂  to 10"̂  range of target risk levels recommended by the EPA. Worst-case off-
site deposition of arsenic in fugitive dust poses a very small increase in soil concentration 
and risk relative to the existing levels off site. 

These conclusions are based on conservative assumptions with regard to acceptable public 
health exposures as outlined by state and federal guidelines. 
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7.0 SUMMARY AND CONCLUSIONS 

This chapter summarizes the significant findings from the remedial investigation, and it 
briefly discusses how they relate to site cleanup. The actual Determination of Need for 
Remedial Action and Assessment of Remedial Altematives are the initial steps of the 
Feasibility Study phase of the project and are not presented in this document. 

7.1 AIR QUALITY 

Ambient air quality conditions were modeled using wind conditions measured previously 
at the site, and chemical contaminant concentrations measured in the on-site dust. The 
modeling efforts were conducted to predict the extent of impacts from air-bom dust 
emissions of material currently remaining on-site. 

The results of the air quality efforts indicated the existing impacts of wind-blown arsenic 
dust are highest on-site, and are not expected to exceed ambient guidelines off-site. The 
results suggest that off-site cleanup should not occur until the on-site source is controlled: 
On-site source control will likely be achieved as remedial measures are implemented to 
clean up surface soil and groundwater, 

7.2 SURFACE WATER 

Surface water sampling indicated a substantial increase in chemical concentrations as 
surface water passes through the site. The sampling scheme was not intensive enough, 
however, to identify what portions of the site are responsible for the concentration 
increases. 

The surface water outfalls at the Asarco site discharge to Commencement Bay, The 
concentrations of metals measured in the surface water during storm events indicates that 
marine chronic toxicity criteria will be exceeded in the receiving waters, even after initial 
dilution occurs. Cleanup of the surface water will be necessary to eliminate impacts to 
the marine receiving waters. The level of clean up will be based on the amount of 
dilution that occurs in the receiving waters. Outfall dilution modeling further indicates 
that existing surface water metal concentrations will have to be reduced 5 to 30 times 
(depending on tidal conditions) for the discharge to meet marine chronic criteria. That 
means surface water chemical concentrations will have to be decreased through control 
measures aimed directly at surface water clean up (i.e., clean out of surface water 
collection and outfall pipes) and indirectly through measures to clean up surface soils. 

The RI also indicated that the south outfall is not stmcturally intact. Flow volume 
measurements made along the conduit leading to the south outfall indicate flow decreases 
in areas where it normally should increase if the conduit is stmcturally sound. Surface 
water apparently leaks out of broken pipes into the surrounding groundwater. Remedial 
activities addressing surface water cleanup also need to address the integrity of this 
existing system and correct any problems associated with it. 
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73 SUBSURFACE SOILS 

Three different types of analysis were conducted on the subsurface soil samples: total, 
EPTox, and column fill/slag leaching tests. The total and EPTox results for metals 
analysis were highly variable spatially. This spatial variability was both horizontal and 
vertical. In general, the slag fill had the highest total metaJ concentrations while the 
granular fill had the highest EPTox values. 

The fill/slag leaching laboratory tests that were performed indicated the granular fill 
material leached significantly higher concentrations of metals than the slag fill. The most 
leachable material, of those areas tested, is present in the area where the arsenic 
kitchens were located on the site. 

The results of the metals analysis, for the three types of tests performed, indicates that 
cleanup of the granular fill material will be the most productive source control measure 
for removing leachable materials that are sources of groundwater contamination. The 
location of granular fill material is generally identifiable through the boring logs from the 
geology and groundwater investigations. 

Organic compounds were also present in subsurface soils in select areas of the site. 
Dimethylaniline (DMA) was present in soils at sites B-17 and B-36. Its presence at one 
of the sites (B-36) is explained by plant processes that occurred in that vicinity. The 
presence of DMA at the other site (B-17) is not so easily explained, but may be due 
to surface water collection and treatment activities that took place near B-17. 

Other organic compounds detected in some of the samples were petroleum byproducts. 
These compounds were detected in the northeastem portion of the plant. GC-FID 
fingerprints of the petroleum indicate it is a weathered, fairly heavy ftiel oil that has 
limited mobility. 

7.4 GROUNDWATER 

Metals were present in most groundwater samples collected throughout the site. Over 
90 percent of the samples analyzed for total metals had detectable levels of arsenic, 
copper, and zinc. The spatial distribution of metals indicated the plant area had the 
highest concentrations with average arsenic, copper, and zinc levels about one to two 
orders of magnitude higher than the stack and parking lot areas. The stack and parking 
lot areas had similar concentrations of most metals except arsenic. Average arsenic 
concentrations in the stack area were about ten times higher than the parking lot area. 

Of the organic compounds analyzed, only DMA appeared in concentrations indicating 
that it could be migrating to the Bay, This is based on the discovery of DMA in 
relatively high concentrations in B-37, and in lower concentrations down-gradient from 
there in MW-IA. 
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Although petroleimi products were detected in the subsurface soil in the northeastem 
portion of the plant, no petroleum products were measured in monitoring wells that 
would indicate it is migrating towards the Bay, Free floating petroleum was not detected 
in any of the wells, and only well B-36 had any petroleum hydrocarbons detected in the 
groundwater. 

Several mechanisms are believed to be the cause of groundwater contamination at the 
Asarco site: 

• groundwater contact with leachable fill materials 

• infiltration of surface water and precipitation through leachable fill materials 

• leakage of contaminated wastewaters and subsequent migration into groundwater 

• spills or leaks of dimethylaniline. 

Based on the slag/fill leaching studies, the primary source of groundwater contamination 
is the leaching of contaminated fill materials. 

The primary receptor of groundwater contaminafion at the site is Commencement Bay, 
The rate of discharge of groundwater into the Bay varies depending on tidal conditions. 
During high tide, the groundwater gradient reverses, and there is no discharge to 
Commencement Bay, During low and intermediate tides, discharge to Commencement 
Bay occurs. 

Based on flow and time weighted averages, the estimated average concentration of 
arsenic in the groundwater discharged to Commencement Bay was 7,300 ppb. Arsenic 
had the highest concentration of metals analyzed from groundwater. 

7.5 MARINE ENVIRONMENT 

Sampling in the marine environment included chemistry, benthos, and bioassay tests. The 
results of this monitoring indicate that a number of factors are responsible for the type 
of organisms in the marine enviroimient offshore from Asarco, These factors include 
sediment particle size distribution, depth, topographical relief, water current velocity, 
sediment composition, chemical concentrations within the sediment, and bioavailability 
of the chemicals. The data from the three types of sampling indicate contradictory 
results. Some stations have high chemistry levels and poor bioassay survival, but have 
extremely rich and diverse benthic communities. Other stations have low chemistry 
levels, but marginally diverse and abundant benthic communities, Snll other stafions fall 
somewhere in between this spectmm. 

Sorting out differences among chemical effects, physical effects, and bioassay protocol 
applicability is often impossible. Examples of some of the contradictions that occur are 
stations with: 
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• high surficial chemistry values and abundant and diverse benthic communities 

• poor survival and abnormal larvae development in bioassay tests and healthy larvae 
recmitment in the benthic community 

• poor amphipod survival in ten-day bioassay tests and amphipod abundance 
(different species) in the benthic community 

• low surficial chemistry values and low diversity and abundance in the benthic 
community 

Although it is difficult to explain the results observed due to such contradictions, two 
conclusions are possible: 

• The use of AET values based on bulk chemistry values is not appropriate for the 
sediment characteristics offshore from the Asarco site. Slag does not appear to 
leach the contaminants based on the EPTox data, and organisms appear to take 
advantage of the unique physical qualifies associated with the slag particles. There 
are too many instances where the bulk chemistry value suggests an apparent effect 
should occur, yet the benthic or bioassay data do not support the conclusion, 

• There is a nearshore station (T12-1) where toxic effects are occurring. This is 
based on consistent results between sediment chemistry, bioassay tests, and benthic 
samples. Toxic effects are also likely at Station T6-1 where sediment chemistry 
and bioassay tests agree. Benthic analysis was not done at this station, 

• There may be toxic effects occurring at Station TlO-1. This station has high 
sediment hydrocarbon levels and appropriate bioassay effects, with some reduction 
in the number of taxa found and the stafion biomass. 

The marine sediment core data indicate that high surficial chemistry values decrease 
markedly at about .3 to ,4 m in the sediment core. These results are consistent with the 
Commencement Bay Nearshore Feasibility Study (Tetra Tech 1989), 

7.6 SUMMARY 

The results of the Remedial Investigation provide a definition and boundary to the type 
and extent of contamination occurring at the Asarco Tacoma Smelter site. Through the 
use of carefully selected source control clean-up measures, remediation of site 
contamination should be feasible and not adversely impact the primary receptor. 
Commencement Bay. None of the data collected during the RI portion of this RI/FS 
suggest there is a catastrophic contamination affecting the environment at the Asarco site. 
The data also suggest that the remediation will likely be technically and practically 
achievable, yet still be effective in protecting Commencement Bay, 
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Chain of Custody 

A chain-of-custody was completed for every soil or water sample collected in this study. 
Chain of custody forms were filled out, signed and countersigned for transfers of samples 
from the possession of the field geologist to that of the Hart Crowser chemist. Receipt 
of sample shipments from Hart Crowser to the Asarco Salt Lake City and Lancaster 
laboratories were acknowledged by signamre on the chain-of-custody document. Original 
chain-of-custody documents and copies are maintained in the Quality Control and Quality 
Assurance records of Hart Crowser, 

Chain-of-custody seals were used roufinely to assure the security of the sampling and 
shipment process. Seals were placed over the interfaces of shipping coolers and their 
lids, and over capped well casings temporarily left unprotected by locked well monuments 
during the course of drilling. 

Health and Safety 

The health and safety program for field operations addressed a range of potential hazards 
at the Asarco site. This program included the on-site maintenance of protective 
equipment, routine monitoring decontamination procedures, and documentation. 

Protective equipment used in field operations included fit tested full-face respirators for 
all personnel. These were fitted with GMC-H cartridges. Respirators were used during, 
all ODEX drilling operations to prevent inhalation of slag dust. Respirators were also 
used on other occasions whenever dust was detectable from any source on-site. 

Tyvek coveralls, goggles, mbber gloves, and mbber boots were typically worn at all times 
during drilling, sampling, and well development operations to prevent contamination of 
clothing and skin by potenfially hazardous materials. Tyvek coveralls were changed at 
least once per day and boots, goggles, and gloves washed frequently. 

Every boring operafion was delineated into an exclusion zone by the use of hazard type, 
A decontaminafion line comprised of a sequence of large tubs containing detergent water, 
rinse water, and tap water was set up for washing boots and gloves of workers leaving 
the exclusion zone. All equipment and clothing, including Tyvek coveralls used inside 
the exclusion zone, were left inside the hot line. 

Monitoring was performed on a frequent, regular basis during drilling. On an hourly 
basis an MSA 361 meter was used to detect levels of HjS, oxygen, and flammable gases; 
an H-Nu PI-101 photoionizafion meter was used to monitor levels of organic vapors; and 
a Victoreen 450 radiation meter was used to detect ionizing radiation. Dust samples 
were taken on a daily basis by the use of an MSA Flow Lite pump drawing 120 liters 
of air through a dust filter. These filters were analyzed for heavy metal content. 

A daily record was kept of protective equipment used, delineation layouts, and monitoring 
equipment readings. 
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Deionized water and tap water were simply poured into sample jars. Samples, collected 
for dissolved metal analysis were filtered through a 0.45 n Sample Pro disposable filter. 

After collection, sample handling procedures were identical for all samples. Sample jar 
kits were assigned to each sample. Each jar was labeled according to its category of 
chemical analysis. Preservative solutions were measured and added to samples as 
required by the schedule below (Table B-6). 

Table B-6. Preservative solution sample schedule. 

Quantity 
Kit 

2 

1 

4 

1 

1 

2 

1 

Container 

500 ml plastic 
(or 1 1000ml) jar(s) 

1,000 ml plastic jar 

1,000 ml amber glass 
jars 

250 ml amber glass 
jar 

125 ml amber glass 
jar 

40 ml amber glass 
jars 

1,000 ml polypropylene 
jar 

Analyses 

metals 

metals 

extractable 
organics 

sulfides 

total organic 
carbon 

volatile 
organics 

gross alpha 

Preservative 
Added/Container 

2,0 ml HNO3 (cone.) 
0.45 micron filtered 

none 

none 

0,2 ml ZnOAc and 
0,5 g,NaOH 

0,5 ml H2SO4 (cone.) 

none 

-

All sample jars were multiple wrapped with bubble packing material, then placed in 
styrofoam-lined boxes with the completed chain-of-custody forms for shipment. Each box 
received several bags of frozen Blue Ice to keep samples cool, Chain-of-custody seals 
were applied to the styrofoam liner lid and sides. Styrofoam shipping "peanuts" were 
added to completely fill all remaining space within boxes. Finally, all boxes were labeled 
and addressed for shipment to laboratory for chemical analysis. Samples were generally 
shipped to Asarco Salt Lake City and Lancaster laboratories within one day of collection 
by DHL Courier. 
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B-23 B-28, B-29, B-30 and B-32, using falling and rising head methods. They were 
conducted between December 17 to 23, 1987. Wells MW-3B and MW-11 were dry at 
the time of testing. 

Falling head test was performed by instantaneously lowering a 1-inch-diaraeter, 5-ft-long 
solid PVC rod (slug rod) into the well and continuously monitoring the falling in water 
level in the well bore using the Hart Crowser field data acquisition units. After the well 
water level retumed to static condition, a rising head test was performed by 
instantaneously removing the slug rod from the well and continuously monitoring the 
rise in water level in the well bore. All wells reached static conditions within 25 minutes 
from the beginning of a test. The Hart Crowser field data acquisition unit consisted of 
a pressure transducer, TERRA 8D field data logging unit, and a IBM lap-top computer 
assembly. Data for each test were stored in 3-1/2-inch diskettes. 

The pressure transducer and slug rod was washed with deionized water between wells 
and a dedicated piece of new rope was used to lower the slug rod at each well to 
prevent cross contamination between the wells. 

The data were analyzed using Bouwer's (1978) or Hvorslev's (1956) methods. The data 
logging and transfer from the TERRA 80 system were done as outlined in Terra 
operating manual. 

A summary of estimated hydraulic conductivity values are given in Tables 3-1 and 3-2., 

Water Sampling 

Water samples were taken for chemical analysis from all water bearing wells (MW-11, 
B-20, B-22, B-23, B-23R, B-28, B-29, and B-30 were dry at the time of sampling), two 
springs, cooling pond, drill rig tanks, steam clean spray, steam cleaning rinseate, tap water 
used to fill drill rig tanks and deionized water used for rinsing samples and well probes. 
In conjunction with sampling, other water measurements were taken including 
temperature, pH, conductivity, dissolved oxygen, salinity, and water levels in wells. These 
data are presented in Tables B-1 and B-2. 

Water samples were also collected in well nests at the MW-1, MW-2, and MW-3 
locations during highest high intermediate and lowest low on October 19, 1988. Field 
data collected during this sampling event are presented in Table B-3. 

Sample collection procedure varied by source. Spring water was dipped from the surface 
of a small pool into the sample jar over the spring. The cooling pond water was 
sampled by dipping a stainless steel bowl from the platform on the northern edge of 
the cooling pond. Sea water was collected from the tidal gaging station using a 
peristaltic pump. The wells were sampled either by bailing or by using a single or 
double head perastaltic pump described in the Well Development section. Steam 
cleaning water was collected from the steam cleaner spray nozzle at full pressure and 
steam cleaning rinsate was collected from water sprayed through a joint of HSA pipe. 

B-6 



Decontamination Procedures 

Drilling, sampling, and testing equipment were routinely decontaminated in the field. 
Routine decontamination of drilling and soil sampling (including backhoe for test pits) 
equipment between explorations consisted of steam cleaning in a detergent solution 
(ALCONOX) followed by a tap water rinse. PVC components (saeen, riser, end caps) 
used in well constmction were also steam cleaned and rinsed in tap water prior to 
installation. Components were temporarily stored in plastic protective wrap-for 
transportation prior to final assembly at installation. 

Other testing equipment was routinely decontaminated included the pH and specific 
conductance meters, water level probes. Decontamination after each use consisted of 
rinsing of equipment probes in deionized water. L:—.._ 

Water Level Measurements 

Water level measurements were made for each boring at the time water was first 
observed during drilling. Subsequently sets of water level measurements were made of 
all wells installed during the drilling program. These were made before and after well 
sampling and well development, and intermittently to weekly thereafter. Water level 
monitoring data is shown in Tables B-1 through B-5. 

Continuous monitoring of water levels was conducted during Phase I and Phase II, using 
the Hart Crowser automatic data acquisition system (see K-testing), During Phase I wells 
MW-2A, MW-2B, MW-6, and MW-8 were monitored during the period 17 to 23 
December 1987. During Phase II wells B-34, B-35, B-14, MW-6 and the tidal gage were 
monitored during the period of November 14 to 17, 1988. These data are graphically 
presented on Figure 3-25. 

A series of three sets of water level measurements were made during a single tidal cycle 
occurring on January 19 and 20, and November 10 and 11, 1988. These measurements 
were made at highest high, intermediate, and lowest low tides in order to identify tidal 
effects on the groundwater table as estaljlished by water levels in the wells. A surface 
water gaging station was also installed during Phase I on the north dock (Figure 3-10) 
to allow measurements of sea water levels during monitoring. The monitoring data for 
Phase I and II are presented in Tables B-4 and B-5. 

Water level measurements were made to a measured accuracy of 0.01 ft with an Olympic 
Model 150 Electric Well Probe and a decimally graduated tape measure. The tip..of_the_ 
well probe was routinely rinsed with deionized water between wells in order to prevent 
chemical cross-contamination. 

Hvdraulic Conductivity (K) Testing 

In situ hydraulic conductivity tests (slug test) were performed at all Phase I and Phase 
II monitoring wells where sufficient water existed in the well. Both falling and rising 
head tests were conducted. Wells not tested included MW-3B, MW-11, B-20, B-21, B-22, 
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monument. Well constmction information and field test results are presented on Figures 
B-2 through B-42 and in Tables B-1 and B-2. 

Monitoring wells were installed in each of the Phase II borings except B-15, B-23, B-24, 
and B-25. 

Well Development 

All wells completed in the course of this study were developed (with the exception of 
MW-11, B-24, B-28, B-29, B-30, B-20, B-22, and B-23R, which contained no water). 
Phase I wells were developed by the use of a Cole Parmer Model 7019 high capacity 
dual head peristaltic pump with the exception of wells MW-8, MW-12, and MW-13 which 
were developed by hand bailing. Phase II wells were developed using an Instmment 
Northwest pneumatic actuated well development pump, except wells B-17, B-21, B-26, B-
27, B-31, B-33, B-34, B-36, and B-37, which were developed by hand bailing. 

After installation, fine-grained sediment in the well was removed by purging water from 
the wells. This purging process, which is referred to as "well development," consists of 
pumping a water volume of at least 3 to 5 times times the volume of the well casing. 
In a few cases a much larger volume was required. Several wells, however, remained 
turbid after two development sequences. Well development data are presented in Tables 
1 and 2. 

Test Pits 

A total of seven test pits, designated TP-1, TP-2, TP-3, TP-5, TP-6, TP-7, and TP-8 were 
completed on 10/4/88 and 10/5/88, The test pits were excavated to a depth ranging 
from 2 to 6 ft. These depths were determined by the Hart Crowser field representative 
during the excavation. 

The test pits were excavated using a backhoe under subcontract to Hart Crowser, 

The samples were collected by excavating a test pit to determine the layer of potential 
contamination and then a second adjacent hole was excavated for sampling, A stainless 
steel spoon was used to remove the sample material from the backhoe bucket and fill 
a clear plastic bucket which was then covered with a plastic lid and taped closed. The 
sample was then returned to the Hart Crowser lab for leachate testing. 

The sampling equipment and backhoe were cleaned before and after each test pit 
excavation. The backhoe bucket and a portion of the connection boom were thoroughly 
cleaned using a hot water pressure washer with a detergent first stage and a secondary 
rinse. The sampling equipment was hand washed using detergent and water, then rinsed 
with deionized water. Generally, the test pits were backfilled with the excavated soil 
using the backhoe, tamping the soil during replacement to reduce later settlement. 

B-4 



In Phase II, eight borings were advanced through the massive slag layers in the slag fill 
area using the ODEX system. These include boring B-15 and monitoring well B-14, B-
16, B-33, B-34, B-35, B-36, and B-37. After the massive slag was penetrated, the HSA 
system was used to obtain the final depth. 

The ODEX drilling equipment employed for this investigation was a tmck-mounted rig 
which uses air pressure to advance an expandable carbide-tipped bit followed by a 5-
inch ID casing. Sampling was done at variable intervals using a large, 3-inch split-spoon 
sampler driven with a 300-lb hammer dropped 30-inches. This larger hammer and 
sampler generate blow counts which are comparable to the standard 2-inch sampler and 
140-lb hammer. 

Soil Sampling 

Most soil samples were collected by the SI*T "split-spoon" method described above. This 
yields a disturbed sample of soil. At times, however, it was possible to obtain relatively 
undisturbed soil samples by pushing a thin-walled tube sampler (Shelby Tube), The 
Shelby tube sampler is a 3-inch ID thin-walled steel tube hydraulically forced into fine­
grained sediments, 

Shelby tubes were wiped clean, labeled, and the ends sealed tightly with vinyl end caps. 
These were transported and stored in a vertical position to maintain integrity of the 
sample inside. Subsequently these samples were extmded in the Hart Crowser laboratory 
for visual description, grain-size distribufion and permeability testing (Appendix E). 

Split-spoon soil samples were placed in clean glass jars with TEFLON-lined lids. Each 
sample jar and lid was labeled with the date and time of sample collection, borehole 
number, sample number, and footage interval below ground surface. Jars were placed 
in a cooler supplied with sealed ice packs. This cooler was kept inside the field 
representitive's vehicle at all times until delivery to the Hart Crowser laboratories. 

Samples were delivered to the Hart Crowser laboratories each aftemoon. Selected 
samples were bubble wrapped, placed in styrofoam lined cooler boxes with ice packs, and 
completed with chain-of-custody forms. These boxes had chain-of-custody seals across the 
joint of the cooler and the cooler lid. Samples were shipped by DHL Courier with 
completed chain-of-custody forms for ovemight delivery to the Asarco Salt Lake City 
and Lancaster Laboratories Inc, laboratories for chemical analyses. 

Well Installation 

All wells are of 2-inch-diameter Schedule 40 PVC single well constmction and have 
either 5- or 10-ft screened sections (0.02-inch slot size). Wells were installed at selected 
depths by lowering the casing to the desired depth. Colorado 10/20 sand was used to 
backfill the space around the screen to a level 1 to 2 ft above the top of the well screen. 
One and one-half to 2-ft of fine sand was placed above the filter material. Volclay grout 
was placed above the screened sections to within approximately 2-ft of the ground 
surface. All wells have a concrete surface seal and are protected by a 6-inch steel 
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considered accurate to within 0.01 ft. All elevations were measured using the City of 
Tacoma datum. 

Summaries of well completion, groundwater sampling, water level data and hydraulic 
conductivity data are shown in Tables 1 through 5. 

Hollow-Stem Auger fHSA') Borings 

Phase I HSA auger borings included B-2C, B-2C2, MW-4, MW-5, MW-6, B-7, MW-8, 
MW-9, B-10, MW-11, MW-12, and MW-13. These were drilled from 9/21/87 to 
10/16/87 and were completed within a wide range of depths, from 76 ft (MW-13) to 
28 ft (B-2C) below ground surface. 

Phase II HSA borings included B-15, B-17, B-18, B-19, B-20, B-21, B-22, B-23, B-23R, 
B-24, B-25, B.25R, B-26, B-27, B-28, B-29, B-30, B-31, B-32, B-33, B-34, B-35, B-36, and 
B-37, These were drilled from 8/18/88 to 9/16/88 and were completed within a range 
of depths from 10.5 ft (B-21 and B-22) to 92 ft (B-15) below ground surface. Boring 
B-23R and B-25R were installed subsequent to reevaluation of the data obtained while 
drilling B-23 and B-25, 

Borings were advanced with a tmck-mounted drill rig using a 4-inch inside diameter 
hollow-stem auger. The drilling was accomplished under the continuous observation of 
the Hart Crowser field representative (Neil B, Shaw). Detailed field logs were prepared. 
of each boring. Samples were obtained at 2,5- to 10-ft intervals using the Standard; 
Penetration Test (SPT) procedure and thin-walled Shelby Tubes. 

In most cases the Standard Penetration Test procedure as described in ASTM 1587 was 
used to obtain disturbed samples; however, other sampling procedures were used and are 
noted on the drill logs. While performing a Standard Penetration Test, a standard 2-
inch outside diameter, split-spoon sampler is driven into the soil a distance of 18-inches 
using a 140-lb hanmier, free-falling 30 inches. The number of blows required to drive 
the sampler the last 12 inches is the Standard Penetration Resistance. This resistance 
or blow count provides a measure of the relative density of the granular soils and the 
consistency of the cohesive soils. The blow counts are noted on the field boring logs at 
the respective sample depths. Samples were recovered from the split-spoon sampler, field 
classified, and tested for pH. 

ODEX Borings 

In Phase I, eight borings were advanced using the ODEX system in the slag fill area 
including borings B-IA and B-3A and monitoring wells MW-1A2, MW-IB, MW-2A, MW-
2B, MW3A2, and MW-3B. All ODEX borings were completed from 10/7/87 to 
10/16/87. Borings ranged from 13 ft (MW-3B) to 33 ft (B-3A), 
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APPENDIX B 

FIELD METHODS FOR THE GEOLOGY 
AND GROUNDWATER INVESTIGATIONS 

The field work for this project was conducted in two phases. Phase I of this project was 
completed between September 21, 1987 and January 20, 1987 by Hart Crowser, Inc., and 
its subconsultants. Hart Crowser's field representative for the project was Niel B. Shaw, 
and field manager was Steve R, Fuller. 

The field work for Phase II of this project was completed between August 29, 1988 and 
September 15, 1988 by Hart Crowser, and its subconsultants. Hart Crowser's field 
representatives for the project were David K. Babcock, Mike W, Ehlebracht, Paul C, 
Frankel, and Neil B Shaw. The field manager was Scott E. Wright. 

Hydrogeological and geochemical direction were provided by Dharme Rathnayake, Paul 
Frankel, Philip Spadaro, and Mike Ehlebracht at Hart Crowser. Project representative 
for Asarco was Curtis E. Dungey, Project Coordinator, for the Tacoma Facility. 

Soil Sampling, Inc., of Puyallup, Washington, under subcontract to Hart Crowser 
completed the drilling, soil sampling, and well installation activities. Parametrix Inc. of 
Bremerton completed the surveying activities. Soil and groundwater samples collected 
for chemical analysis were shipped to Asarco Salt Lake City Laboratories and Lancaster 
Laboratories in Lancaster Pennsylvania by DHL courier. 

Introduction 

Phase I and Phase II of the subsurface exploration included the completion of 46 borings: 

Thirty were by hollow-stem auger (HSA), 8 were by ODEX, and 8 by using a 
combination of hollow-stem auger and ODEX equipment. The ODEX was used to 
penetrate the highly resistant slag. Standard hollow-stem auger equipment was used after 
the slag had been penetrated or where there was no slag fill. 

The exploration logs and groundwater monitoring well constmction details are presented 
on the exploration logs within this Appendbc (Figures B-2 to B-42), Exploration logs are 
a representation of our interpretation of the drilling and sampling, and field testing 
information. The depth where the soil or characteristics of the soil changed is shown in 
these figures; however, the actual changes may be gradual. Soil samples recovered in 
the explorations were visually classified in the field in general accordance with the 
method presented on Figure B-1. 

The exploration locations were located in the field by hand taping or pacing from existing 
physical features. The ground surface and top of well casing elevations as presented on 
the boring logs were provided by Parametrbc Inc. Locations and elevations of wells are 
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4, Mount the adaptor dome, centering it over the filter frame with alignment bolts. Flip 
up the wing nuts and moderately tighten the assembly together, 

5, Attach the flexible hose to the top of the adapter dome with the twist-lock cormector. 
Assemble the wand and bmsh. 

6. Operate the sampler with the support strap slung over one shoulder, keeping the filter 
horizontal during sampling. Maintain this orientation until the filter and sample dust 
are unloaded. 

7. Start the sampler and vacuum the road surface from the centerline to the edge of 
normal traffic flow. Avoid collecting too much material from the curb area where 
there is a high concentration of debris. Vacuum a large enough section of the road 
to collect a layer of material about 1/8 to 1/2 inch thick. If not sampling a paved 
road, vacuum a representative portion of the source area, 

CAUTION: When road dust sampling, always be on the lookout for oncoming traffic,' 
Select the sampling period for times when traffic volume is low and 
wear reflective orange vests, 

8, Shut the sampler off when the volume of air passing through the outlet hole has 
dropped significantly. This indicates that the filter is nearly loaded with dust,-
Disconnect the flexible hose and place the sampler on a level surface to unload the 
sample dust. If the wind is blowing, it is advisable to find a more protected area; 
such as inside a vehicle, 

9. Loosen the wing nuts and remove the adapter dome from the filter frame. Carefully 
lift the comers of the filter while shifting the sample material to the center of the 
filter. Transfer the sample into a Zipioc bag and place the folded filter in the Ziploc 
bag along with the sample. 

10. Record the project, date, sample ID number, initials, sampling location, and other 
comments on the data sheet. Record project, date, sample ID number, and initials 
on the Manila envelope. Place bagged sample and data sheet into the envelope and 
seal. 

11. Hand carry the samples back to the laboratory; log them in and place in the sample 
storage cabinet. 
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APPENDIX A 

ROAD DUST SAMPLING 
STANDARD OPERATING PROCEDURE 

GENERAL DISCUSSION 

The objective of the road dust sampling was to obtain representative samples of the road 
dust likely to be entrained in the ambient aerosol. This procedure also included impaved 
sources that have a minimum dust layer. 

Criteria for sample location selection included proximity to ambient sampling sites, 
accessibility, potential contribution to the ambient aerosol, past studies, and a desire to 
obtain a representation of a variety of road dust types. 

MATERIALS AND EQUIPMENT 

Road Dust Sampler - consisting of an enclosed hi-vol motor and filter holder fitted with 
an adapter cone, hose, bmsh, and shoulder strap 

Glass fiber filters, 8 x 10 inches 

Portable generator or other 115 VAC, 8A, 50/60 hz power source 

Extension cord, 25 feet 

Ziploc bags 

Manila envelopes, about 7 x 10 inches 

SAMPLE COLLECTION 

1, Clean the hose, bmsh, adapter dome, and filter frame with a stream of exhaust air 
from the hi-vol motor unit. Disassemble the hose sections and shake the flexible 
portion of the hose to help dislodge any dust in the system, 

•Note: A more thorough cleaning may be done between sampling sites by wiping 
the inside of the adapter dome with a Kim-wipe towel dampened with 
ethanol, 

2, If the filter cartridge holder is not already attached to the hi-vol motor unit, make 
this cormection and hand tighten the screw top lid. There is no need for disassembly 
of these parts until the project is completed. 

3, Place the wire screen filter frame on top of the filter cartridge holder. Place a clean 
filter on the screen, being careful to center the filter on the frame, 
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ASARCO - Remedial I n v e s t i g a t i o n 

Table B-1 Wel l and H y d r o l o g i c Data 

PHASE I y e n s I — I 

I PHASE I I 

I I 
u e l l i B o r i n g Data \ Hane ( i ^ i t s ) | MU-1A MU-1B NW-2A RW-2B ltU-3A l(W-3B MU-( MU-S KU-6 B-7 MU-8 HU-9 B-10 NU-11 HU-12 MU-13 { 

I I 
Dace I n s t a l l e d • - | ISQctSr 1SOct87 90c tS7 120ct87 130cte7 U 0 c t 8 7 10etB7 30SepB7 S0ctB7 None 2 0 c t 8 7 2SSepS7 Hone 21Sepa7 2«Se|ie7 23S«sB7| 

To ta l B o r i n g Depth f ee t | 25 .0 1S.0 31 .5 20 .0 21 .0 13.0 31 .0 69.5 i i . i 35 .0 3 5 . 0 36 .5 53 .0 36 .5 i J . O 76 .0 | 

Top of Screen - BCS f e e t | U . 5 9.5 20 .0 9 .0 15.0 7.0 15.0 25.0 27 .0 - - 15 .0 10.0 - - 11.0 30.0 4 9 . 0 | 

B o t t c n o f Screen - BCS f e e t | 24.5 U . S 30 .0 19.0 20 .0 12.0 25 .0 35 .0 32 .0 • - 2 5 . 0 20 .0 - • 16.0 40 .0 59 .0 | 

Top o f Screen E l e v a t i o n f e e t | 8 .2 13.1 4 . 9 16.0 11.4 19.5 21 .9 2 3 . 7 - 1 . 0 • - 10 .0 15.5 - - 139.2 21 .0 48 .4 | 

Bot tom of Screen E l e v a t i o n f e e t | - 1 . 8 8 .1 - 5 . 1 6 . 0 6 .4 14.5 11.9 13.6 - 6 . 0 - - 0 . 0 5.5 - • 134.2 11.0 38 .4 | 

Casing S i ze inches | 2 .00 2 .00 2 .00 2 .00 2 .00 2 .00 2 .00 2 .00 2 .00 - • 2 . 00 2 .00 - • 2 .00 2 .00 7 . 0 0 | 

Casing X a t e r i a l t ype | PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC - - PVC PVC PVC | 

I shed 40 shed 40 shed 40 stied 40 shed 40 shed 40 shed 40 shed 40 shed 40 • - shed 40 shed 40 • - shed 40 shed 40 shed 4 0 | 

Screen S l o t S i i e inches | 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 - - 0 .020 0 .020 - - 0 .020 0.020 0.020 | 

CS E l e v a t i o n . . . . i e e t | 22.71 22 .61 24 .86 24 .98 26.40 26 .48 36.93 48.65 26.03 - - 25 .02 25.54 9 .87 150.22 _ 51.02 97 .41 | 

TOC E l e v a t i o n f ee t I 24.31 24 .30 27.15 26.15 28 .99 29.10 38 .69 51.00 28.19 - - 26 .40 2 7 . 0 6 ~ ' "•• ' 152 .07 ' ' 5 2 . 6 7 ' 9 8 l 4 « I 

Wel l Deve lopnent Data ( U l i t S ) I MW-IA MW-IB MW-2A IM-2B MW-3A HW-3B NW-5 MW-6 B-7 MW-8 NW-9 B-10 -11 MW-12 HU-13 

Date Developsent Conpleted 

- Water-level-BCS 

water level Elevation 

Casing Volune 

volune Purged 

Equivalent Casing Volunes 

Cerwral Water Quality 

230ctB7 230ct87 210Ct87 210ct87 210et87 210ct87 210et87 210ct87 210et87 

feet 1 

feet 1 

gallons | 

gallons | 

1 
1 

7.20 

17.11 

2.82 

10.00 

3.5 

(a) 

7.20 

17.10 

1.19 

10.00 

8.4 

(•) 

13.40 

13.75 

2.71 

10.00 

3.7 

(a) 

13.50 

12.65 

0.90 

5.00 

5.6 

(a) 

12.30 

16.69 

1.26 

15.00 

11.9 

(a) 

Dry 

Dry 

--
--
-• 
(a) 

19.30 

19.39 

0.93 

3.50 

3.8 

(b.c) 

27.45 

23.55 

1.23 

4.00 

3.2 

(b.c) 

6.10 

22.09 

4.23 

15.00 

3.5 

(a) 

220ct87 220ct87 

8.73 

17.67 

2.66 

20.00 

7.5 

(a) 

4.42 

22.64 

2.54 

25.0 

9.8 

(a) 

230ct87 230ctS7 230ct87| 

Dry 

•-
--
--
--

25.40_ 

27 .27 ' 

2.38 

10.00 

4.2 

(b) 

U . I O J 

'54.38 1 

2.43 1 

10.00 1 

4.1 1 

(.) 1 

water Level Elevations ( i n i t s ) MW-IA MW-IB MW-2A MW-2B MV-3A NW-IB MW-e B-10 MW-11 MU-12 MW-13 

10/06/87 - Ins ta l la t ion 

21 to 10/23/87 - Oevelopnent 

10/28/87 

11/02/87 

11/06/87 

09 to 11/12/87 - S a i l i n g 

17 to 12/23/87 - t Testing 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

1 
1 17.11 

1 17.75 

1 13.81 

1 16.43 

1 16.36 

1 16.75 

.. 
17.10 

17.74 

.. 
16.52 

16.10 

16.95 

-• 
13.75 

19.21 

12.03 

15.89 

16.70 

15.92 

--
12.65 

18.22 

--
14.99 

17.61 

14.92 

--
16.69 

20.45 

12.68 

16.61 

18.29 

18.51 

--
Dry 

20.58 

•-
16.66 

19.10 

Dry 

18.19 

19.39 

19.90 

17.U 

17.48 

17.37 

18.45 

31.15 

23.55 

23.31 

22.18 

22.17 

22.20 

22.55 

20.11 

22.09 

22.14 

20.09 

20.16 

16.89 

21.37 

16.43 

17.67 

17.72 

16.70 

16.61 

16.85 

17.63 

21.23 

22.64 

22.82 

21.36 

21.38 

21.41 

20.82 

Ory 

Dry 

Dry 

Ory 

Ory 

Ory 

Dry 

25.77 

27.27 

27.01 

25:29 

25.40 

25.67 

26.40 

53.18 1 

54.38 1 

54.41 1 

52.44 1 

52.66 1 

51.15 1 

51.86 1 

Cro t f vAMter S a r D l i n g Data n W - l A MW-IB MW-2A MW-2B MW-3A MW-3B B-10 MU-11 MW-12 MW-13 

1 
I 

12l lov87| 

7 .0 I 

15 .0 I 

215 .0 I 

8 .0 { 

Phase I 

Date Crm^ idwater Sainpted 

o pN 

0 te fToera ture 

o EC 

o volune water purged 

o General water Quality 

I 
I 11KOV87 101lav87 10llov87 10<lov87 09llove7 10llov87 l1 l lov87 12llov87 09«ov87 

Ce ls ius 

n ic ron t tos 

g a l l o n s 

7.0 

13.0 

8200.0 

15.0 

7.0 

13 .0 

8200 .0 

7 .0 

7 .0 

14.5 

7500.0 

18 .0 

7 .0 

14.5 

7500.0 

10.0 

7.0 7 .0 

18.0 18.0 

17000.0 17000.0 

10.5 2 . 6 

7.0 

15.0 

980 .0 

5.0 

7.0 

15.0 

480 .0 

6 .5 

( d ) 

7.0 

14.5 

650.0 

18.0 

I 
Phase I I I 

Date Grou idwate r Sampled | 190ct88 190ct88 190Oct8819aoet8819OctSS 190ct88 180ct88 180ct88 200ct88 

0 pn " I 6 .60 6 .00 7 .17 6 .20 6 .80 6 .90 6 .68 6.90 7.20 

o t e n e e r a t u r e C e l s i u s | 14.00 14.00 15.50 15.50 17.50 18.00 14.00 14.00 13.00 

0 EC niicroe<ios| 10400 11670 14800 6700 28000 27400 410.00 490.00 UO.OO 

0 D i s s o l v e d Oxygen pps | 4 .80 4 . 9 0 2 .90 3 .70 7.00 9 .40 7.40 6 .70 2 .90 

0 S a l i n i t y t | 8 .90 10.00 9 .00 4 .00 24.00 25 .00 <.1 <.1 0.30 

o vo lune a s t e r pu rged g a l l o n s { 8 .00 3 .00 10.00 7.50 6 .00 4 . 0 0 5.00 5.00 16.00 

o General water Q u a l i t y - • | (b> ( a ) ( a ) ( a ) ( b ) ( a ) ( b ) (b> (a ) 

11IIOV87 11IIOV87 

7 .0 7 .0 

14.5 15.0 

110O0.0 270.0 

14.0 13.0 

190ct88 200ct88 

7.00 

15.00 

5260.0 

2.70 

4.50 

10.00 

(a) 

7.50 

20.00 

260.00 

2.70 

0.20 

8.00 

(c) 

12ltava7 

7.0 

14.0 

282.0 

12.0 

180ct88 

6.70 

13.00 

520.00 

3.20 

<.1 

10.00 

(b) 

130ct8B| 

6.40 1 

14.00 1 

350.00 1 

5.00 1 

< . l 1 

8.00 I 

<») 1 

H y d r a u l i c C o n d u c t i v i t y (C) Data ( i r i t s ) MW-IB MW-2A MW-2B W-3A MW-3B MW-6 MW-11 MW-12 MW-13 

Date of Slug Testing 

Estimated K • value cffl/sec 

I 17llee87 170ec87 17Dec87 17Dee87 17Dec87 

I 2.0E-02 3 .0E-02 2 .0E-02 2 .0E-02 3 .0E-02 

2JDec87 230ec87 17Sec87 

5.1E-04 2.0E-03 6.0E-04 

18Dee87 23Dec87 

1.0E-02 3 .0E-03 

23Dec87 23Dec87| 

6.0E-a3 6.1E-Q3I 

MOTES: 

1 . A V o l c l a y / B e n t o n i t e sea l was p laced between the b o t t o m o f 

the b o r i n g and t h e sand pack 

a • Seditnent removed, C lear 

b • Sedicsent reeoved , water t u r b i d , 

c • Sediment reax3ved, low t u r b i d i t y . 

BCS • Be lox Grouyf Su r face 

CS s Groixid s u r f a c e 

7. TOC • Top o f Casing 

8 . - - • I n d i c a t e s not a v a i l a b l e o r s p p l i c a b t e 

9 . Water l e v e l E l e v a t i o n s a re based on C i t y o f TSCOBB DatUB 

10 . S a n p l i n g Data f o r w d s lA , I B , 2A, 2B , 3A r e p o r t e d f o r i n t e m e d i a t e 

t i d e s a a p l i n g da ta f o r w e l l 3b r e p o r t e d f o r h i g h t i d e 

1 1 . Water Level M e s s u r c M n t s w d e a f t e r t h e s a e p l i n g d a t ( s ( a f t e r 

20 Oc tobe r , 1988) a r e p r e s e n t e d on T a b l e B-5 

Table B-1. 
Well and Hydrologic Data Phase I Wells 



Ausco ' iCit foiAi l av i s i iCAr ioa as 

lab ia B'2 Uell and Hydrologic Data 

CHASC I I y e a s 

u«tl i lorlng Data \ Mama • 21 »22 t -z i a z i i na 

Data i n s l a l l a d 

l o t a l l o r i n g OcptA 

lop of Scraan 

foc ioa o l Scr t tn • 

sas 
SCS 

lop of Scraan i l a v a t t o n 

i o i t o a of Screan Clavat ion 

Casing S i ia 

eat ing Malartat 

i c r t t n Slot S i ja 

CS t i a v a l l o n 

IOC Clavation 

faet 

laa l 

teet 

laa l 

faal 

inchaa 

' r p t 

inchaa 

faal 

laa l 

WSEPiei 

» .S 

67.0 

72.0 

•40.1 

•«5. l 

2.00 

PVC 

ahad 40 

0.020 

26.94 

2t.«0 

12SEPieS ISS(PIU9SEPIU 26AU4U 24AUCtS 2»U i :U 2MUC8a 24AUCaa 26<UUa 21AU0U l6SEPIB8]0UiCaa 

20.2 

10.2 

6.1 

•J.P 

2.00 

PVC 

Bhad 40 

0.020 

26.24 

27.76 

i t . i 

61.J 

91.J 

U . l 

2.00 

pyc 

axad 40 

0.020 

I J I . B l 

t i l . 4 1 

41.B 

14.a 

10?.7 

96.7 

2.00 

nc 
atiad 40 

0.020 

111.52 

111.21 

27.7 

12.7 

116.7 

111.7 

2.00 

nc 
ahad 40 

0.020 

144.44 

146.10 

11.0 

16.0 

I l l . S 

i2e.B 

2.00 

PVC 
triad 40 

0.020 

144.00 

146.64 

1.0 

11.0 

U6 .6 

114.4 

2.00 

PWC 

thad 40 

0.020 

111.19 

111.14 

l . i 

10.1 

146.2 

141.2 

2.00 

nc 
tXad 40 

0.020 

111.66 

I I I . 6 7 

9.00 

U.OO 

42.1 

17.1 

2.00 

Prt 

ahad 4( 

0.020 

11.11 

11.10 

lOMicaa 

M . l 

12.1 

22.1 

41.2 

11.2 

2.00 

PVC 

ahad 40 

0.020 

17.21 

19.77 

17A11GU 

41.1 

12.0 

42.0 

60.1 

50.1 

2.00 

PVC 

thad 40 

0.020 

92.9 

94.9 

22AUOU 

70.0 

18.2 

60.2 

19.0 

9.0 

2.00 

PVC 

mad 40 

0.020 

77.22 

70.10 

WAuoas 

M . l 

20.0 

10.0 

77.6 

67.6 

2.00 

PVC 

thad 40 

0.020 

97.11 

99.11 

J l . l 

20.5 

10.1 

72.2 

62.2 

2.00 

PVC 

ahad 40 

0.020 

92.74 

94.49 

11.1 

21.00 

11.00 

14.6 

44.6 

2.00 

PVC 

ahad 40 

0.020 

77.51 

79.10 

29AUCU 

JO.i 

17.1 

22.1 

fll.9 

76.9 

2.00 

PVC 

ahad 40 

0.020 

99.17 

101.68 

29AUUa 

11.5 

6.5 

11.5 

92.7 

87.7 

2.00 

PVC 

thad 40 

0.020 

99.21 

101.62 

8SEPI88 

44.1 

9.1 

19.1 

17.1 

7.1 

2.0O 

PVC 

thad 40 

0.020 

26.2 
27.1 

i isEpisa 

29.1 

9.2 

19.7 

17.7 

7.2 

2.00 

PVC 

thad 40 

0.020 

26.9] 

28.94 

11SEPI88 

47.0 

10.8 

4o.g 

•4.8 

-14.» 

2.00 

PVC 

thad 40 

0.020 

26.00 

27.66 

6SCPIBa 

29.1 

6.7 

16.7 

20.6 

10.4 

2.00 

PVC 

thad 40 

0.020 
27.11 

28.91 

l4SEPI>a 

22.0 

9.4 

19.4 

15.2 

5.2 

2.00 

PVC 

thad 40 

0.020 

24.19 

26.11 

U«U DcvtlafMMnt 0«ta I » l • -26 1-27 • -2B • -29 t -10 • 11 

0*t« DavlQpPtnl Coopt t l td 

0*pth to UBt«r (IOC) 

U* i i r L t v t l C I tva i ton 

Casing V O I I « H 

Voli«« Purged 

E<fi iv»l*nt Catino Vo l iM i t 

Central water Qual i ty 

faal 

laa l 
sal Ions 

gallons 

28SEPI88 

10.00 

18.60 

10.11 

41.00 

4.4 

lb ) 

28SEPia8 27SEPIS827SEPI80 27SEPiaa 

11.77 

11.99 

1.21 

15.00 

10.8 

l b ) 

61.84 

89.17 

0.20 

7.50 

14.7 

( b l 

19.12 

111.89 

2.78 

11.00 

1.4 

(a) 

17.41 

128.67 

2.74 

10.00 

10.9 

lb ) 

27SEPI8827SEPI0S27SEPI8a 

11.41 o » oai 

141.69 

0.81 

0.11 

0.4 

l b ) 

27SEPI88 24SEPI88265EP1B8 26SEP188 26SEPI8826SEPI8S 27SEPI8S 

7.60 41.6 51.98 OKT OtT DRY 10.94 

22.12 90.72 

2.19 2.24 

20.0 •- -• -- 20.00 

9.1 8.9 

l b ) (c ) 

52.17 

2.76 

20.0 

7.1 

l b ) 

51.10 

0.52 

12.0 

21.1 

(b) 

27UPiaS 

10.97 

90.45 

0.47 

4.0 

8.5 

(c ) 

2as(pias 

12.1 

11.14 

I . I4 

17.00 

12.7 

lb ) 

28SEPI8a 

11.8 

17.11 

1.60 

10.00 

6.2 

(a) 

2aSEPI8a 

10.62 
17.04 

5.16 

17.00 

7.2 

l b ) 

28SEPia8 
12.14 

16.19 

0.97 

22.00 

22.a 

l b ) 

2a$EPi>a 

10.07 

16.26 

1.79 

10.00 

1.6 

<b) 

Uatar Laval Clavations 8-14 t 17 8-25II B'24 S'27 B-28 8 2 9 8 1 0 B'11 

8/19 10 9/14/68 • I n s t a l l a l i o n laat 

9/24 10 9/28/88 • Oaval ivMnI faal 

10/5 10 10/4/SS ' t l aa l i ng laa l 

10/11 10 10/20/88 - Sa iv l lng taai 

11.40 

18.60 

18.60 

18.76 

14.76 96.4) 111.21 

11.99 89.17 111.89 

11.40 09.10 111.89 

11.15 89.70 114.08 

122.10 

128.40 

128.80 

128.62 

oar 

081 

141.49 

15].14 

141.78 

44.27 21.50 

52.17 51.10 22.12 oar 

52.07 11.19 22.14 

51.99 11.1) 22.16 O i l 

74.49 

oa< 

OM 

DM 

oaf 

85.6a 

90.72 

90.11 

91.11 

85.42 

90.61 

101.42 

90.90 

14.46 

11.14 

12.94 

11.78 

IS.44 

17.11 

12.11 

14.84 

17.64 

17.04 

12.68 

11.14 

14.41 

14.19 

11.79 

14.19 

17.)J 

14.24 

14.26 

2 4 . ) ] 

( roov lMal t r Saa^l ing Data B-16 B-17 B-10 

Oala 

o 

e 

o 

0 

0 

0 

0 

6rouvS<alar 

P" 
l a a ^ r a l u r a 
EC 

00 
a a l i n i t y 

voluaa walaf 

Caaplad 

fu igad 

Canaral Uatar Qual i ty 

Ca l t l u t 

a i icro^iot 

PP" 

> 
gallons 

20aci8B 

7.7 

20.0 

195.0 

1.0 

0.1 

40.0 

l a ) 

igociBfl 270CI8I I70ci8a iToctaa 
7.0 

la.o 
1145.0 

4 .1 

1.0 

K.O 

8.6 

12.0 

220.0 

4.8 

. . 1 

10.0 

l b ) 

8.2 

I I .O 

140.0 

1.8 

0.0 

11.0 

lb ) 

7.0 
14.0 

120.0 
7.1 
0.0 

20.0 
la) 

UOclSB 

4.5 

14.0 

190.0 

4.4 

0.0 

15.0 

(b) 

IIOCISB 

4.8 

14.0 
480.0 

7.4 

0.2 

2.5 

(b) 

I40CIB8 

7.0 

14.0 

410.0 

5.1 
0.0 

10.0 

lb ) 

I7tlcl8a ITDciBB 20ac lU 20Ocia8 I90CI88 I90cl8a I9acl80 

7.4 

12.0 

1420.0 

4.7 

. . 1 

1.0 

l a ) 

7.0 

14.0 

1170.0 

10.2 
1.0 

6.0 

IC) 

6.9 

16.0 

28100.0 

8.9 

22.0 

2.5 

I b l 

6.1 

17.0 

19420.0 

7.4 

17.0 

5.0 

la ) 

7.0 

20.0 

8100.0 

1.7 

4.0 

20.0 

lb ) 

4.7 

17.1 

16100.0 

4.1 

9.8 

7.0 

lb ) 

4 .1 

17.0 

1750.0 

0.0 

lb ) 

Hydraulic Conduct iv i ty (K) Data < i ^ i t a | a-16 B-17 -19 

Data of Slug lestir^g 

C » l i M t « d K - Valua 

070CIfia 

7.4-10-5 

(MOCIBB 

1.6K10-3 
Mociaa osociu 
2.^*10 4 1.1X10J 

o^ociu 
6.1 i l0 -4 

s ociaa 

6.0X10-S 

OSOCISA 060Ciaa 06OC15A O6OCIfi0 06OCIfla 060CIU 

klXIO-2 2.1x10 2 l . iK lO-4 6.4M10-S 1.2ii102 

ttOIES: 

1, A Volclay/Beniort i tc seal was placed between the bo i io« of 

the boring and the sand pack 

2. a • Sedinent reeoved. Clear 

S. b • Sediaient reeoved. water t u rb i d , 

i . c • Sedinent reottved, tow t u r b i d i t y . 

5. BCS • Below Ground Surface 

6. CS • CroixvJ surface 

7. IOC • lop of Casing 

B. -- • Indicates not availabia or applicable 

9. uatcr level Elevations are baked on City of lacoma Oatm 

10. Uater Level HeasureMtents node alter the sanpling ddtes(after 

20 October,1980) are presented on labia %-b 

Table B-2. 
Well and Hydrologic Data Phase II Wells 



ASARCO - Remedial investigation 

Table B-3 TIDAl CTCIE G.U. SAMPIIMC 

uell I Boring Data \ »m (units) MW-IA I MW-IB MU-2A I MU-2B I 

I-
150ct87| 

25.0 I 

14.5 I 

24.5 I 

8.3 I 

-1.7 I 

22.77 I 

24.31 I 

I-
150ct87| 

15.0 I 

9.5 I 

14.5 I 

13.2 I 

e.2 I 
22.69 I 

24.30 I 

MW-3A 

I-
150c t87| 

21.0 I 

15.0 I 

20.0 I 

11.5 I 

6.5 1 

24.53 I 

28.99 I 

Date Installed 

Total Boring Depth feet 

Top of Screen - BCS feet 

Bottom of Screen - BCS feet 

Toe of Screen Elevation feel 

Bottom of Screen Elevation feet 

CS Elevation feet 

TOC Elevation feet 

90ct87| 

31.5 I 

20.0 I 

30.0 I 

4.9 I 

-5.1 I 

24.93 I 

27.15 I 

120ct87| 

20.0 I 

9.0 I 

19.0 I 

16.0 I 

6.0 I 

24.98 I 

26.15 I 

14act87 

13.0 

7.0 

12.0 

19.6 

14.6 

26.64 

29.10 

I I I I I 
HW-lA I MW-IB I MW-2A { HW-2B | MW-3A { MW-3B 

TIME 0TU(fT)ELE(FI)| TIME 0TW(fT)£l£(fT) | TIME OTWtfDELECfT) | TINE Oru(fr)ElEffT)( TIME DTWff r)El£<FT)| TIME OTWffTlELECfT) 

I I i I I 
0800 11.33 11.44 I 

1130 10.27 12.50 I 

1530 8.10 16.21 I 

Uater level Data 

October, 19, 1988 

low TIDE 

IKTERKEDIATE TIDE 

MICH TIDE 

08O0 

1130 

1530 

11.15 

10.35 

8.61 

11.53 |07S8 

12.33 I MED 

14.08 I 1520 

17.30 7.63 I 0738 

14.80 10.13 I MED 

8.76 18.39 I 1520 

17.39 7.59 I low 17.00 9.52 | LOW DUT Ory 

13.88 11.10 I INT 16.87 9.65 | l>T DRT 0«r 

8.84 16.14 I HIGH 11.21 17.78 | HIGH 11.38 17.72 

Crn^icfcfater Sainpl ing Data U-1A MW-IB HW-2A nw-2B I MW-3A 

LOW TIDE I 

Date Grn^ idwatcr Sanpled Oct 19, 1988 | 

0 PH •• I 

o temperature Ce ls ius | 

0 EC • i c r o e t i o s i 

0 DO ppn ) 

0 s a l i n i t y % | 

o vo luae ua te r purged g a l l o r t t | 

I 
loocTse 

6.5 

17.2 

14300 

4 .6 

9 .0 

8 .0 

INTEimEOIArE TIDE 

Date Grot ' idwater Sanpled Oct 

0 pN 

o tenperature 

0 EC 

0 DO 

0 salinity 

o voluae uater purged 

I 
19, 1988 I 

- I 
Celsius j 

mieroitftosi 

X 

galloi 

1DCCT88 

6 . 7 

17.7 

1O400 

4 .8 

8 .9 

8 .0 

I100CT88 

I 5.8 

I 18.8 

I 10600 

I *•» 
I »•« 

I 5.0 

100CTB8 

6.0 

18.8 

1167D 

4 .9 

10.0 

3.0 

I10OCTB8 

I 7-2 
I 14.5 

I 13980 

I J -0 
I 9 .0 

I 10.0 

I100CT8S 

I ' - 2 
I 15.5 

I 6700 

I 3 - ' 
I 4 .0 

I 7.5 

I10OCT88 

I 5 .6 

I 15.0 

I 10630 

I * . ' 
I ' - 0 

I 5.0 

•I 

I 
{10OCT88 

I '••2 

I 15.5 

I 14800 

I 2 . ' 

I 9 . 0 

I 10.0 

10OCT88 

6 .7 

15.3 

31800 

8.5 

25.0 

5.0 

|10OCT88 

6 .8 

17.5 

28000 

7.0 

24.0 

6.0 

HIGH TIDE I 

Date Grountaater Saaplad Oct 19. 1988 | 100CT88 

e pM - - I 6 .6 

o tenpe ra tu re Ce ls ius | 17.5 

0 EC B ic ron t ios j 13790 

0 DO ppn I 4 .3 

o s a l i n i t y X | 9 .2 

0 volune ua te r purged g a l l o n s | 9 .0 

lOOCTBS 

6.0 

18.0 

11900 

4.4 

9.5 

5.0 

I 
{100CT88 

.1 ' -2 

I 15.0 

I 18270 

I 2.4 

I 12.3 

I 15.0 

I 

|100CT8S 

I 6 . 0 

I 15.0 

I 9320 

I 3 .1 

I 5.5 

I 5 .0 

I 
|10OCT88 

I 6 .» 
I 18.0 

I 27500 

I «•» 
I 25.0 

I 10.0 

I 

I10OCT8S 

I 6 .9 

I 18.0 

I 27400 

I ' > • < • 
I 25.0 

I 4.0 

HOTES: 

1 . Bo t ton of the u e l l i s spprox iDiate ly a t the bottcflt of the acreen 

2 . A V o l c l a y / B e n t o n i t e ses i uas p laced between the toottoa o f 

the b o r i n g and the sand peck 

3. 6GS a Belou Gr ix t id Surface 

4 . GS a Ground sur face 

5 . TOC a Top o f Casing 

6 . - - a Ir^dicates not a v a i l a b l e or a p p l i c a b l e 

7. OTU a Depth to uater be lou TOC except f o r readings taken du r i ng 

21 and 28 October,1987 f o r wflich OTu r e f e r s t o Depth to Uater be lou GS. 

6 . ElE a E l e v a t i o n Above C t t y of Tacoma DatuB 

( M l i u i s a p p r o x i M t e l y 7.6 f t above the C i t y of Tacona Dat l f l ) 

9 . fW'SB Was Ory Dur ing l o u and tn tenmediatc Tides 

Table B-3. 
Tidal Cycle Ground Water Sampling 
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ASARCO - Preliminary Assessment 

Table B-4 Uell and Uater Level Data 

1 EXISTING UELLS | STAFF GAGE AT THE | 

Ue l l & Bor ing Data \ Name ( u n i t s ) | BH-1 | BH-2 | BH-3 | { 

Date I n s t a l l e d • - | O40ct84| O40ct84| 0SOct84| 19Jan88| 

Tota l Bor ing Depth f e e t | 38.0 | 33.0 | 24.5 | -- | 

Top of Screen - BCS fee t | 5.0 | 5.0 | 5.0 | - - | 

Bottom of Screen - BCS fee t [ 38.0 | 33.0 | 23.0 | •- ] 

Top of Screen E leva t ion fee t | 43.8 | 42.0 | 21.2 | -- | 

Bottom of Screen E leva t ion fee t | 10.8 | 14.0 | 3.2 | • - | 

GS E leva t i on fee t | 48.78 ] 46.97 | 26.23 | -- | 

TOC E leva t i on fee t | 50.58 j 48.72 | 28.21 | 25.17 | 

Uater Level Data | BH-1 | BH-2 | BH-3 { STAFF GAGE | 

Date ( u n i t s ) | TIME 0TU(FT)EL£(FT)| TIME DTU(FT)ELE(FT)| TIME 0TU(FT)ELE(FT)| TIME DTU(FT)ELE(FT)| 

.• 1 TO 23 October, 1987 fee t j | | | j 

23 October, 1987 fee t | | | 1 | 

02 Movef*er,1987 fee t j | - - 28.90 19.82 | 10:25 8.55 19.66 | | 

06 Hoveii*>er,1987 feet | 10:22 28.71 21.87 | 10:38 28.95 19.77 | 10:50 8.45 19.76 | | 

09 TO 12 Move!rber,1987 fee t | | | | | 

14 0ecen*>er,1987 fee t | | | | | 

17 TO 23 0ecefnber,1987 fee t | j | | j 

29 0ece!i*>er,1987 fee t | 14:12 26.93 23.65 | 14:18 28.10 20.62 | 13:38 7.26 20.95 | | 

04 January,1988 fee t j 14:44 27.13 23.45 | 14:55 28.20 20.52 | 15:03 7.38 20.83 | j 

11 J8nuary,1988 fee t | 09:53 27.35 23.23 | 09:58 28.20 20.52 | 09:14 7.43 20.78 j | 

19 January,1988(High Tide) fee t | 06:57 26.90 23.68 j 06:55 27.88 20.84 | 06:17 6.85 21.36 | 06:00 6.25 18.92 | 

19 January,1988(1ntermed. Tide) fee t | 19:24 26.81 23.77 | 19:20 27.88 20.84 ] 18:48 6.88 21.33 | 18:35 10.85 14.32 | 

20 January,198S(L0N Tide) fee t | 00:50 26.72 23.86 | 00:42 27.85 20.87 | 00:09 6.81 21.40 | 00:00 22.15 3.02 j 

25 January.1988 fee t | 16:40 26.56 24.02 | 16:45 27.94 20.78 | 15:59 7.07 21.14 j 15:41 18.10 7.07 j 

NOTES: 

1. Bottom of the yell is approximately at the bottom of the screen 

2. A Volclay/Bentonite seal was placed between the bottom of 

the boring and the sand pack 

3. BCS ' Below Ground Surface 

4. CS = Ground surface 

TOC 3 Top of Casing 

° Indicates not available or applicable 

OTU 3 Depth to Uater below TOC except for readings talcen during 

21 and 28 October,1987 for which OTU refers to Depth to Uater below GS. 

ELE 3 Elevation Above City of Tacoma Oatim 

(MLLU is approximately 7.6 ft above the City of Tacoma Oatim) 

Table B-4. 
Weil and Water Level Data 



ASARCO - Remedial Investigation 

Table B-4 Uell and Water Level Data 

Well t Boring Data \ Name 

Date Installed 

Total Boring Depth 

Top of Screen - BGS 

Bottom of Screen • BCS 

Top of Screen Elevation 

Bottom of Screen Elevation 

CS Elevation 

TOC Elevation 

Water Level Data 

Date 

21 TO 23 October,1987 
28 October,1987 
02 Noveiit>er,1987 

06 Nave<it>er,1987 

09 10 12 Nove<it>er,1987 
U 0eceiiber,1987 

17 TO 25 Decen*)er,1987 

29 0ecaiber,1987 

04 January,1988 

11 January,1988 

19 January,19B8(High Tide) 

19 January, 19B8(lnteniied. Tide) 

20 January, 1988<Low Tide) 

25 January.19SS 

(units) 

.. 
feet 

feet 

feet 

feet 

feet 

feet 

feet 

(units) 

feet 
feet 

feet 

feet 
feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

MU-1A 
--

TIME 

11:20 

15:30 

10:51 
11:10 

13:12 

12:05 

13:17 

U:U 

08:42 

06:31 

19:01 

00:24 

1 16:11 

MU-1A 

150ct87 

25.0 

14.5 

24.5 

8.3 
-1.7 

22.77 

24.31 

DTU(FT)EI.E(FT) 

V.20 
6.56 
10.50 

7.88 
7.95 

6.56 

7.56 

5.96 

7.38 

7.U 

7.B8 

6.40 

11.06 

9.57 

15.57 

16.21 

13.81 

16.43 
16.36 

17.75 

16.75 

18.35 

16.93 

17.17 

16.43 

17.91 

13.25 
14.74 

MU-1B 

IIHE 

13:30 

15:31 

11:15 

--
13:31 

12:07 

13:18 

14:15 

08:43 

06:33 

19:02 

00:22 

16:12 

HU-IB 

150ct87 

15.0 

9.5 

14.5 

13.2 

8.2 

22.69 

24.30 

DTW(FI)EIE(FT) 

-_ 
7.20 6.56 

7.78 

8.20 
6.77 

7.35 

5.99 

7.23 

7.23 

8.30 

6.05 
10.94 

9.10 

15.49 

16.13 

16.52 
16.10 

17.53 

16.95 

18.31 

17.07 

17.07 

16.00 

18.25 

13.36 

15.20 

HW-2A 

IIME 

12:00 
15:01 

10:40 

11:03 

--
13:39 

09:36 

13:24 

14:20 

08:53 

06:27 

18:51 

00:16 

16:03 

MU-2A 

90ct87 

31.5 

20.0 

30.0 

4.9 

•5.1 

24.93 

27.15 

DIW(FT)ELE(FI) 

13.40 
7.94 

15.12 

11.26 
10.45 

8.31 

11.23 

7.82 

10.20 

8.13 

8.31 

9.56 

19.30 

14.98 

11.53 
16.99 

12.03 

15.89 
16.70 

18.84 

15.92 

19.33 

16.95 

19.02 

18.84 

17.59 

7.85 

12.17 

PHASE 1 

MU-2B 

IIME 

.. 
15:03 

--
11:04 

--
13:41 

09:37 

13:25 

14:21 

08:55 

06:25 

18:53 

00:17 

16:05 

HU-2B 

120ct87 

20.0 

9.0 

19.0 

16.0 

6.0 

24.98 

26.15 

....... 
OTU(FT)ELE(FT) 

13.50 

7.93 

--
11.16 

8.54 

8.62 

11.23 

7.80 

10.24 

8.16 

8.50 

9.45 

19.36 

14.89 

11.48 

17.05 

--
14.99 

17.61 

17.53 

14.92 

18.35 

15.91 

17.99 

17.65 

16.70 

6.79 

11.25 

MW-3A 

TIME 

.. 
13:00 

10:10 

10:41 

--
13:07 

10:33 

13:30 

14:26 

09:02 

06:09 

18:42 

00:04 

15:52 

HU-3A 

130ct87 

21.0 

15.0 

20.0 

11.5 

6.5 

26.53 

28.99 

0TU(FT)ElE(FI) 

12.30 

8.54 

16.30 
12.38 

10.70 

10.78 

10.48 

9.80 

12.14 

10.95 

12.18 

10.76 

16.50 

14.68 

14.22 
17.99 

12.68 

16.61 
18.29 

18.21 

18.51 

19.19 

16.85 

18.04 

16.81 

18.23 

12.49 

14.31 

MU-3B 

TIME 

.. 
13:05 

10:44 

--
13:05 

--
13:31 

14:27 

09:05 

06:10 

18:40 

00:04 

15.53 

MW-3B 

140ct87 

13.0 

7.0 

12.0 

19.6 

14.6 

26.64 

29.10 

0TW(fI)tlE(ft) 

Ory 

8.52 

--
12.44 
10.00 

10.57 

Ory 

9.95 

12.26 

10.10 

11.94 

10.85 

Ory 

Dry 

Ory 

18.12 

--
16.66 

19.10 

18.53 

--
19.15 

16.84 

19.00 

17.16 

18.25 

--
--

1 
1 
1 
1 

HU-4 1 
1 

.: 

TIME 

.-
12:00 

--
10:46 

--
12:58 

12:17 

14:22 

14;59 

10:03 

06:48 

19:18 

00:39 

16:49 

MU-4 

1 
10ct87| 
34.0 1 

15.0 I 

25.0 I 

22.0 1 

12.0 1 

36.95 1 

38.69 1 
. . 1 

1 
1 

OIU(FT)ELE(FT)| 
1 

19.30 

18.79 
21.25 

21.21 
21.32 

19.92 

20.24 

20.42 

20.40 

20.50 

19.81 
19.68 

19.82 

20.33 

17.65 i 

18.16 1 
17.44 1 

17.48 1 
17.37 1 

18.77 1 

18.45 1 

18.27 1 

18.29 1 

18.19 1 

18.88 1 

19.01 1 

18.87 1 

18.36 1 
1 
1 NOIES: 

1. Bottom of the well Is approxfmatety at the bottora of the screen 

2. A Volclay/Bentonite seal was placed between the bottom of 

the borlr>g arvJ the savd pack 
5. BGS • Below Ground Surface 

4. GS • Ground surface 

5. TOC * Top of Casir>g 

6. -- " IfKlicates r>ot avaflabte or applicable 

7. DTU a Depth to Water below TOC except for readings taken durlr>o 
21 arvJ 28 October.198^ for hhfch DTU refers to Depth to Uater below CS. 

6. ELE • Elevation Above City of Tacoma Datun 

(MLLU fs approximately 7.6 ft above the City of Tacoma Datun) 

Table B-4. 
Well and Water Level Data (Continued) 



ASARCO - (temedial inves t tga t fon 

Table B-4 Well and Water Level Data 

Well 1 Boring Data \ Name 

Date installed 

total Boring Depth 

lop of Screen - BCS 
Botton of Screen - BCS 

lop of Screen Elevation 

Bolton of Screen Elevation 

CS Elevation 

IOC Elevation 

Water level Data 

Date 

28 October,1987 

02 Maveatxr, 1987 

06 llovciit>er,1987 

09 TO 12 Noveiit>er,19a7 

14 0ece<it>er,1987 

17 10 23 0ece<iOer,1987 

29 Deceiit>er,1987 

04 January,1988 

11 January,1988 
19 January,1988(Hlgh lldei 
19 January, 1988( Interned. ilde> 

20 January, 1988(lou llda) 

25 January.1988 

(units) 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

(units) 

feet 

feet 
feet 

feet 
feet 

feet 

feet 

feet 

feel 

feet 

feet 

feet 

feet 

feet 

MU-5 

TIKE 

16:30 

•-
10:15 

--
12:54 

11:42 

14:15 

14:49 

09:55 

06:52 
19:22 

00:46 

16:24 

MU-5 

30Sep87 

69.5 

25.0 

35.0 

23.8 

13.8 

48.80 

50.11 

DIW(FMELE(FI) 

27.45 

27.69 
28.82 

28.83 

28.80 

28.00 

28.45 

28.05 

28.06 

28.15 

28.02 

28.00 

28.00 

27.91 

21.35 

21.11 
21.28 

21.28 
21.30 

22.10 

21.65 

22.05 

22.04 

21.96 

22.08 

22.10 

22.10 

22.19 

MU-6 

IIME 

.. 
11:15 
10:20 

10:53 

•-
13:10 

11:09 

13:36 

14:31 

09:15 

06:16 

18:47 

00:09 

15:58 

HU-6 

50ct87 

42.5 

27.0 

32.0 

-0.8 

•5.8 

26.24 

28.19 

DIU(fl)ELE(fT) 

6.10 

6.05 
8.10 

8.03 
11.30 

6.70 

6.82 

7.05 

7.15 

7.05 

6.85 

6.85 

7.02 

7.16 

20.14 

20.19 
20.09 

20.16 
16.89 

21.49 

21.37 

21.14 

21.04 

21.14 

21.34 

21.34 
21.17 

21.03 

HU-8 

IIME 

14:10 

11:02 

11:21 

--
13:17 
13:00 

13:44 

14:36 

09:24 

06:42 

19:11 

00:32 

16:21 

MU-8 

20ct87 

35.0 

15.0 

25.0 

10.1 

0.1 

25.08 

26.40 

D1U(FI)EIE(FI) 

8.73 

8.68 
9.70 

9.79 

9.55 

8.45 

8.77 

9.04 

9.00 

8.90 

8.05 

8.07 

8.08 

8.96 

16.35 

16.40 

16.70 

16.61 
16.85 

17.95 

17.63 

17.36 

17.40 

17.50 

18.35 

18.33 

18.32 

17.44 

PHASE 1 

MU-9 

IIME 

14:10 

14:20 

11:10 

11:23 

13:23 

09:50 

13:48 

14:40 

09:28 

06:38 

19:07 

00:28 

16:17 

NW-9 

28Sep87 

36.5 

10.0 

20.0 

15.6 

5.6 

25.64 

27.06 

DTU(FnElE(FI) 

4.42 

4.24 
5.70 

5.68 

5.65 

5.11 

6.24 

6.45 

6.85 

6.92 

5.55 
5.60 

5.53 

5.95 

21.22 
21.40 

21.36 
21.38 
21.41 

21.95 

20.82 

20.61 

20.21 
20.14 

21.51 

21.46 

21.53 

21.11 

MU^II 

MU-11 

21Sepe7 

36.5 

11.0 

16.0 

139.3 

134.3 

150.26 

152.06 

IIME DTU(FI)ELE(FI) 

............. 
Dry 
Dry 

Dry 

Dry 
Dry 

Dry 

Dry 

Dry 

• Dry 

Dry 

• Dry 

Dry 

Dry 

Dry 

HUI2 

IIME 

.. 
10:15 

--
10:28 

12:20 

11:05 

14:08 

15:09 

09:48 

07:00 

19:28 

00:53 

16:36 

HW-12 

245ep87 

45.0 

30.0 

40.0 

21.2 

11.2 

51.16 

52.67 

OIU(FI)ELE(FI) 

25.45 

25.66 

27.38 

27.26 
27.00 

25.82 

26.27 

25.90 

26.08 

26.21 

26.54 

26.32 

26.16 

26.02 

25.71 
25.50 

25.29 

25.40 

25.67 

26.85 

26.40 

26.77 

26.59 

26.46 

26.13 

26.35 

26.51 

26.65 

HU13 

IIME 

.. 
09:45 

09:50 

--
12:01 

12:55 

14:02 

15; 13 
09:42 

07:08 

19:36 

01:00 

16:59 

HU-13 

23Sep87 

76.0 

49.0 

59.0 

48.5 

38.5 

97.49 

98.45 

OIU(FI)ELE(FI) 

44.10 

44.07 
46.04 

45.82 

47.13 

45.95 

46.62 

46.00 

46.05 

46.11 

46.75 

46.76 

46.77 

46.33 

53.39 

53.42 

52.41 

52.63 
51.32 

52.50 

51.83 

52.45 

52.40 

52.34 

51.70 

51.69 

51.68 

52.12 

NOTES: 

1. Bottom of the well It «pproxlitatety at the bottom of the screen 

2. A Volclay/Bentonite seal was placed between the bottom of 

the borlr>g and the sand pack 

3. BGS • Below Ground Surface 

4. GS • Ground surface 

5. TOC B Top of Casir\g 

6. '- • IrvJicates not available or eppllcobtc 
7. DTW - Depth to Water below TOC except for readfr>gs taken during 

21 and 28 October,1987 for which DTW refers to Depth to Uater below GS. 

B. CLE " Elevation Above City of Tacoma Datun 
(MLLU Is approximately 7.6 ft atMve the City of lacoma Datum) 

Table B-4. 
Weil and Water Level Data (Continued) 



ASARCO - R M w d U l I n v e s t I g s t t o n 

U b l « S-S U c l t and U a t c r t « w c l 0 « t a 

w e l l t B o r t n g O t t * \ H a m 

D i l t I n i t a l l c d 

T o t a l S o r i n g D e p t h 

l o p o l S c r e e n * BGS 

S o t t c n o f S c r e e n • SCS 

Top o f S c r e e n f l e v e t l o n 

S o t t o M o f S c r e e n E l e v a t i o n 

CS E l e v a t i o n 

TOC E l e v a t i o n 

Water L e v e l D a t a 

D a t e 

O c t . 1 ] t o O c t 20 S a n p l l n g 

O c t . 19 l o v T i d e 

O c t 19 H e d l u e T i d e 

O c t . 19 a l g t i l l d e 

O c t . 27 U a t e r l e v e l a 

MOV. 2 U a t e r L e v e l a 

> o v . 10 a l g l i T i d e 

NOV, 10 I n t e i M e d i a t e l l d e 

a o v . 10 l o w T i d e 

Nov . 16 U a t e r L e v e l a 

D e c . 1 U a t e r l e v e l * 

D e c . 7 U a t e r L e v e l * 

D e c . 1 ) U a t e r L e v e l * 

D e c . 22 U a t e r L e v e l * 

D e c . 29 U a t e r L e v e l * 

i a n . ^ U a t e r L e v e l * 

J e n . 5 f L E S I D I P P r o b e o i l 

i a n . 2 i U a t e r L e v a l * 

( u n l t * > 

I e e t 

I e e t 

I e e t 

I e e t 

( e e t 

I e e t 

I e e t 

( u n i t * ) 

I e e t 

I e e t 

f e e t 

f e e l 

f e e t 

I e e t 

f e e l 

f e e t 

f e e t 

f e e t 

I e e t 

I e e t 

I e e t 

f e e t 

I e e t 

I e e t 

I e e t 

d e t e c t e d 

f e e l 

n u - u 

H U ' U 

3 0 c I S 7 

2 3 . 0 

1 4 . 5 

2 1 . 5 

a.2 

• I . B 

2 2 . 7 1 

2 ( . 2 t 

t i n t D I U I M ) E l E ( f l ) 

B :00e 

1 1 : 0 0 * 

2 : 3 0 p 

2 : 2 g p 

9 : U * 

S : 0 3 p 

« : l 9 p 

1 1 : 5 6 p 

1 2 : 1 9 p 

• • 

I O : S a * 

9 : t O * 

1 0 : 3 0 * 

1 0 : 3 0 * 

1 1 : 1 0 * 

9 : » 5 p 

1 
1 1 0 : 2 3 * 

1 

11.33 
10.2r 

g . i o 

a.21 

9.9t 

6.23 

6.62 

10.33 

6.43 

6.9a 

7.ao 

7.72 

8.62 

6 . t l 

r.to 
1 0 . 7 6 

•NO 

7 . 2 7 

1 2 . 9 1 

1 3 . 9 7 

1 6 . U 

1 6 . 0 3 

U . 3 0 

1 7 . 9 9 

1 3 . 6 2 

1 3 . 7 1 

1 7 . 7 9 

1 7 . 2 6 

1 6 . t t 

1 6 . 5 2 

1 3 . 6 2 

1 7 . 8 1 

1 6 . 8 t 

I S . i B 

1 6 . 9 7 

I I R I 

8 : 0 0 a 

1 1 : 0 0 a 

2 : 3 0 p 

2 : 2 7 p 

9 : 1 6 * 

5 : 0 2 p 

I 8:19p 

11l:57p 

| l2 :18p 

1 • • 

| I 0 : 3 6 * 

1 9:33* 

| 1 0 : 3 3 * 

| 1 0 : 3 3 a 

| I 1 : 1 3 * 

1 9:»Bp 

1 
| 1 0 i 3 0 a 

1 

nU' ls 

H U ' I S 

50c187 1 5 . 0 

9 . 5 

14 .5 

1 3 . 1 

8 . 1 

2 2 . 6 1 

2 4 . 1 3 

> I U ( I I ) E L E < I I ) | TINE 
. _ t 

11 .13 

10 .33 

8 . 6 1 

7 .96 

1 0 . 0 2 

6 . 2 5 

7 .09 

9 . 8 9 

6 . 9 « 

6 . 9 2 

8 . 5 8 

7 .70 

9 . 1 8 

6 . 2 ( 

7 .90 

1 0 . 0 6 

-HO 

7 .46 

1 2 . 9 8 

1 3 . 7 8 

1 5 . 5 2 

1 6 . 1 7 

1 4 . 1 1 

1 7 . 8 8 

17 .04 

14 .24 

1 7 . 1 9 

1 7 . 2 1 

15 .35 

1 6 . 4 3 

14 .93 

1 7 . 8 9 

1 6 . 2 3 

1 4 . 0 7 

1 6 . 6 7 

8 : 3 4 . 

1 1 : 3 5 * 

3 ! 2 0 p 

2 : 1 6 p 

9 : 3 9 * 

4 : 3 4 p 

a:10p 

1 1 : 3 2 p 

12:?6p 

1 
| 1 1 : I 3 * 

1 9:22* 

110:20* 

1 1 0 : 2 0 * 

| 1 0 : 4 0 . 

1 9,22p 

1 
j l O i l O a 

1 

HU 2« 

RU-2« 

9 0 c t B 7 3 1 . 5 

2 0 , 0 

1 0 . 0 

4 . 9 

- 5 . 1 

2 4 . 8 6 

2 7 . 0 8 

fftulFDILEIIt) 

1 6 . 9 3 

1 2 . 2 0 

8 . 7 6 

1 1 . 3 7 

1 2 . 8 7 

8 . 2 3 

1 1 . 8 1 

1 7 . 6 6 

7 .54 

1 0 . 5 7 

8 . 3 9 

1 0 . 0 1 

9 . 1 1 

9 . 3 0 

8 . 0 5 

1 7 . 4 6 

-NO 

8 . 9 8 

• • 

1 0 . 1 5 

1 4 . 8 8 

1 8 . 3 2 

1 3 . 3 1 

1 4 . 2 1 

18 .83 

1 3 . 2 7 

9 . 4 2 

1 9 . 5 4 

1 6 . 5 1 

1 8 . 6 9 

1 7 . 0 7 

1 7 . 9 7 

1 7 . 7 8 

1 9 . 0 3 

9 . 6 2 

1 8 . 1 0 

PHASE 11 
1 

- U - 2 S 1 
1 

t l K I 

7 : 4 0 e 

l l : 3 5 e 

3 : 2 0 p 

2 : 1 5 p 

9 : 4 3 * 

4 : 5 4 p 

8 : 1 0 p 

1 1 : 5 1 p 

1 2 : 2 7 p 

• • 

1 0 : 1 0 * 

9 : 2 4 * 

1 0 : 2 5 * 

1 0 : 1 5 * 

1 0 : 4 5 * 

9 : 2 5 p 

1 0 : 1 5 * 

1 

nu 2S 

1 
2 0 c t a 7 

2 0 . 0 

9 . 0 

1 9 . 0 

1 5 . 9 

5 . 9 

2 4 . 9 0 

2 7 . 0 6 

D I U d l l E l E I I I ) 

. 
1 7 . 3 9 

1 2 . 6 7 

S .84 

11 .32 

13 .10 

8 . 3 0 

11 .30 

1 7 . 1 9 

7 .64 

1 0 . 5 9 

8 . 6 9 

10 .02 

9 . 3 5 

9 . 2 0 

8 . 3 8 

1 7 . 1 9 

-no 
9 . 0 7 

• • 

9 . 6 7 

1 4 , 3 9 

1 8 . 2 2 

1 5 . 5 4 

1 3 . 9 6 

1 8 , 5 6 

1 5 . 5 6 

9 . 6 7 

1 9 . 4 2 

1 6 . 4 7 

18.sr 

1 7 . 0 4 

1 7 . 7 1 

1 7 . 8 6 

1 8 . 6 8 

9 . 8 7 

1 7 . 9 9 

»u-3< 

I IME 

1 :41p 

9 : 5 0 * 

4 : i e p 

7 : 4 4 p 

1 1 : 3 0 p 

1 2 : 3 7 p 

•-
1 1 : 4 0 * 

9 : 1 2 a 

1 0 : 0 5 * 

9 : 2 5 * 

9 : 5 5 * 

8 : 3 4 p 

9 : 1 3 a 

1 

HU-3A 

130C187 

2 1 . 0 

1 5 . 0 

2 0 . 0 

1 1 . 4 

6 . 4 

2 6 . 4 0 

2 0 , 8 4 

[ > T U | I I | E L E < F I ) 

. 
1 7 . 4 6 

1 6 . 8 7 

1 1 , 2 1 

1 2 . 9 7 

1 3 . 8 3 

1 1 . 0 0 

1 1 . 9 0 

1 3 . 8 6 

9 . 9 0 

0«T 

11 .14 

1 1 . 6 7 

1 2 . 7 7 

1 0 . 4 9 

1 1 . 8 3 

1 5 . 6 0 

-HO 

1 0 . 9 0 

•• 
1 1 , 3 8 

1 1 . 9 7 

17 .63 

1 5 . 8 7 

1 3 . 0 1 

17 .84 

16 .94 

1 2 , 9 8 

18 ,94 

D t l 

1 7 . 7 0 

1 7 , 1 7 

1 6 . 0 7 

18 .33 

1 6 . 9 9 

1 3 . 2 4 

17 .94 

HU-3B 

t l K E 

' 40p 

9:33a 

« 
7 

11 

" 

" 

17p 

47p 

30p 

33p 

34a 

9 : 0 3 a 

10 10a 

9 : 3 0 a 

10 

• 
00a 

33p 

9 ; 2 0 a 

1 

HU-3B 

t 4 0 c t e 7 

1 3 . 0 

7 . 0 

1 2 . 0 

1 9 . 3 

1 4 . 5 

2 6 . 4 8 

2 8 . 9 4 

} 1 U ( F I I E L E I I I ) 

. ... 
1 4 . 7 0 

1 4 . 7 1 

1 1 . 3 8 

1 3 . 1 3 

oar 

1 1 . 1 6 

1 2 . 1 0 

1 4 , 6 6 

1 0 , 0 7 

D » 

1 0 , 7 7 

1 1 . 7 1 

OtT 

1 0 . 6 7 

1 1 . 8 2 

1 4 . 6 5 

-NO 

1 0 . 9 8 

1 4 . 2 4 

1 4 . 2 3 

1 7 , 5 6 

1 5 , 8 1 

D « I 

1 7 , 7 8 

1 6 , 8 4 

1 4 . 2 8 

1 8 , 8 7 

C«» 

1 8 , 1 7 

1 7 , 2 5 

D>T 

1 8 . 2 7 

1 7 . 1 2 

1 4 . 2 9 

1 7 , 9 6 

KU-4 

l l i t t 

- • 

0 9 : 2 8 * 

1 2 : l 3 p 

3 : 1 0 p 

1 : 2 5 p 

1 0 : 2 2 * 

5:26p 

8 : 4 5 p 

1 2 : 4 0 * 

1 1 : 5 7 * 

- • 

1 2 : 0 6 p 

1 0 : 3 0 * 

1 1 : 3 5 * 

1 1 : 3 5 * 

1 2 : 0 0 p 

8 : 5 4 p 

1 
1 1 : 1 0 * 

HU-4 

I O c t 8 7 

3 4 . 0 

1 5 . 0 

2 5 . 0 

2 1 . 9 

1 1 . 9 

5 6 . 9 3 

3 8 . 5 4 

D I U d l l E l E i r i ) 

2 1 , 1 9 

2 1 . 3 3 

2 1 . 4 3 

2 1 , 3 9 

2 1 . 3 0 

2 1 . 1 6 

2 0 . 7 2 

2 0 . 6 1 

2 0 . 0 8 

2 0 . 7 0 

2 0 . 4 6 

2 0 . 2 3 

2 0 . 6 7 

2 0 . 9 0 

2 0 . 6 2 

2 0 . 7 4 

2 0 . 3 1 

--
2 0 . 4 9 

15 .74 

1 5 . 6 0 

1 7 . 1 1 

1 7 . 1 5 

17 .24 

1 7 , 3 8 

1 7 . 8 2 

17 .73 

1 8 , 4 6 

17 ,84 

1 8 , 0 8 

1 8 . 3 1 

1 7 . 8 7 

1 7 . 6 4 

1 7 . 9 2 

1 7 . 8 0 

1 8 . 2 3 

1 8 . 0 5 

«u-5 

I I W 

9 : 3 0 * 

1 2 : 2 0 p 

3 : 0 5 p 

1 : 2 3 p 

1 0 : 2 7 * 

5 : S 0 p 

9 : 0 0 p 

1 1 : 4 5 * 

1 1 : 4 8 a 

1 1 : 3 0 a 

1 2 : 0 8 * 

1 0 : 3 6 * 

1 1 : 4 0 * 

1 1 : 4 5 * 

1 2 : 2 5 p 

8 : 2 5 . 

1 1 : 2 0 . 

, 
H u - 5 

305ep87 

6 9 . 5 

2 5 , 0 

3 5 , 0 

2 3 . 7 

1 3 . 6 

4 8 . 6 5 

4 9 . 9 6 

.. .. : 

D I U d T I E L E i r i ) 

2 9 , 0 2 2 8 . 9 3 

2 8 . 9 1 

2 9 , 0 0 

2 8 , 8 3 

2 8 . 7 3 

2 8 . 7 6 

2 8 , 6 0 

2 8 . 6 2 

2 8 . 3 5 

2 8 , 2 1 

2 8 , 0 2 

2 8 , 2 3 

2 8 . 3 5 

2 8 . 2 9 

2 8 . 2 4 

2 8 . 0 6 

2 8 . 0 9 

2 0 . 9 4 

2 1 . 0 3 

2 1 . 0 5 

2 0 , 9 6 

2 1 , 1 3 

2 1 . 2 3 

2 1 . 2 0 

2 1 . 3 6 

2 1 , 3 4 

2 1 , 6 1 

2 1 , 7 5 

2 1 . 9 4 

2 1 , n 

2 1 , 6 1 

2 1 . 6 7 

2 1 , 7 2 

2 1 . 9 0 

2 1 . 8 7 

NW.6 

l i ne 

9:17* 

1 2 : 0 5 p 

4 : 4 5 p 

2 : 0 8 p 

1 0 : 0 8 * 

4 : 3 4 p 

8 : 0 3 p 

1 1 : 4 0 p 

1 2 : 5 5 p 

• -

1 1 : 5 5 * 

1 0 : 2 2 * 

1 1 : 0 5 * 

1 0 : 0 5 * 

1 0 : 3 0 * 

9 : l 5 p 

1 0 : 0 0 a 

MU-6 

5 0 c t 8 7 

4 2 . 5 

2 7 . 0 

3 2 . 0 

• 1 . 0 

- 6 . 0 

2 6 . 0 1 

2 7 . 9 9 

. .. . 
g i U I M I E L E I I I I 

. _ 
7 ,69 7 . 8 6 

7 . 8 1 

7 .83 

7 ,94 

7 . 7 1 

8 . 2 5 

7 , 2 2 

7 , 2 7 

7 . 0 2 

6 . 7 0 

6 . 5 4 

7 ,14 

7 , 4 2 

7 , 2 6 

7 .25 

7 ,12 

7 , 1 0 

2 0 . 3 0 

2 0 , 1 3 

2 0 . 1 8 

2 0 . 1 6 

2 0 . 0 5 

2 0 . 2 8 

19 .74 

2 0 , 7 7 

2 0 , 7 2 

2 0 . 9 7 

2 1 . 2 9 

2 1 . 4 5 

2 0 . 8 5 

2 0 , 5 7 

2 0 , n 

2 0 , 7 4 

2 0 , 8 7 

2 0 . 8 9 

1 
My-8 1 

I IME 

--
• • 

3 : 0 3 p 

4 : 4 5 p 

2 : 3 4 p 

9 : 3 3 a 

5 : 1 3 p 

8 : 3 5 p 

1 2 : 1 0 * 

1 2 : 0 1 p 

-• 
1 1 : 0 5 * 

1 0 : 1 1 * 

1 1 : 0 0 * 

1 1 : 1 0 * 

1 0 : 5 5 e 

9 : 3 2 p 

1 0 : 3 0 a 

MU-8 

1 

2act87| 

15,0 1 

13,0 1 

25.0 1 

10.0 1 

0,0 I 
25.02 1 

26,42 1 
1 

1 
1 

D I U t l I > E L E ( F I ) | 

1 0 , 0 3 

9 . 9 5 

9 , 9 8 

1 0 , 0 0 

9 . 6 6 

8 . 6 3 

8 . 7 1 

8 . 7 1 

8 . 7 1 

8 . 6 8 

8 . 4 9 

9 , 1 3 

9 . 4 4 

9 . 0 2 

9 . 0 7 

8 . 6 9 

-NO 

8 . 9 9 

1 

16,39 1 

• 1 
1 6 , 4 7 1 

1 6 , 4 4 1 

1 6 , 4 2 1 

1 6 , 7 6 1 

1 7 , 7 7 I 

1 7 . 7 1 1 

1 7 . 7 1 1 

1 7 , 7 1 1 

17 ,74 1 

1 7 , 9 3 1 

1 7 , 2 9 1 

1 6 . 9 8 1 

1 7 . 4 0 1 

17 .15 1 

17 .73 1 

1 
17.43 1 

N O U S : 

1 . A V o l c l a v / S e n t o n i t t » * • ! w k t p ( f t c « d b e t w e e n t h t 

tKe b o r i n g * n d t h e s a n d pacfc 

2 . BGS • BelOM CrtAMvi S u r f a c e 

5 . CS • G ro i#K l s u r f a c e 

4 . TOC • l o p o f C a s i n g 

i . • I n d i c a t e s n o t a v a i l a b l e or a p p l i c a b l e 

6 . CLE • E l e v a t i o n Above C i t y o f facoma O a t u v 

( H L I U i s a p p r o K i M t c I v ^ . 6 f t above t h e C i t y o f 

7 . a • am, p > pm 

8. Dfu for B-3S Nov. 10, Intermediate tide and low 

lacoMa Oatiw) 

tide bated on tranducer data 

Table Ef-5. 
Well and Water Level Data 



ASARCO • R e i M d i a l I n v e s t i g a t i o n 

t a b l e t - i W e l l a n d Water t e v c l D a t a 

u e l l t l o r i n g O a t a \ N a m t i ^ u o 

D a t e i n s t a l l e d 

t o t a l l o r i n g D e p t h 

l o p o l S c r e e n - I C l 

l o t t o n o f S c r e e n - ICS 

l o p o f S c r e e n E l e v a t i o n 

S o t t o n o f S c r e e n E l e v a t i o n 

CS E l e v a t i o n 

IOC E l e v a t i o n 

U a i e r L e v e l O a i a 

D a t e ( 

O c t . IS t o Oct 20 S a ^ p l t r « 

O c t . 19 l o y T i d e 

Oct 19 N e d i u a T i d e 

O c t . 19 H i g h l i d * 

O c t . 27 u a t e r i t v e t a 

N o v . 2 y « t « r l e v e L t 

N o v . 10 H i g h l i d a 

Nov . 10 I n t a r M d I a t e l l d e 

Nov . 10 LOM l l d e 

NOV, 16 w a t e r l e v e l t 

D e c . 1 y a i e r L e v t U 

O e c . 7 w a t e r l e v e l * 

D e c . IS w a t e r L e v e l a 

D e c . 22 Water l e v e l s 

D e c . 29 Water i e v e l i 

J a n . } H a t e r L e v a l i 

i a n . S f L l M t O i P P r o b * o l t d a t « c c « 

J a n . 2« Water L e v e l a 

N O U S : 

1 . A V o l c l a y / B e n t o n i t e s e a l was p 

e e l 

e e t 

ee t 

e e t 

e e t 

e e t 

e e l 

^ i t s ) 

e e t 

• e t 

e e l 

e e t 

• e l 

e e l 

e e l 

e e t 

I e e t 

l e « t 

I e e t 

f e « l 

I e e t 

I e e t 

f e e t 

I e e t 

l a a l 

l e a l 

• c e d ba 

n i - 9 

I IME 

2 : I O p 

l : 0 0 p 

6 : 3 4 p 

2 : 4 0 p 

« : 0 9 < 

5 : 1 5 p 

8 : l l p 

1 2 : 1 0 . 

1 2 : 0 5 p 

1 1 : 0 2 . 

10 :29a 

10 :55a 

11 :05a 

11 :00a 

9 : 3 9 p 

11 :00a 

ween t h e 

MU « 

2asep87 

3 6 . 5 

1 0 . 0 

2 0 , 0 

15,3 

5 , 5 

2 5 . 5 4 

2 6 . 9 5 

D I U I f l l E L E ( M ) 

8 . 5 1 

8 . 1 9 

8 . 1 8 

8 . 4 0 

B.23 

6 . 6 0 

6 , 5 9 

6 . 5 7 

6 . 1 7 

3 . 7 4 

5 , 3 4 

6 , 2 6 

6 , 8 0 

6 , 8 2 

6 , 6 9 

5 . 9 3 

•HO 

6 . M 

b o t t o t t 

1 8 . 4 4 

--
1 8 . 7 6 

1 8 , 7 7 

1 8 . 5 3 

1 8 . 7 2 

2 0 , 1 5 

2 0 , 1 6 

2 0 . 1 8 

2 0 . 5 8 

2 1 , 2 1 

2 1 , 4 1 

2 0 , 6 9 

2 0 . 1 3 

2 0 . 1 1 

2 0 . 2 6 

2 1 . 0 2 

2 0 . 9 5 

o l 

w n 

I l M t 

1 1 : 2 0 * 

1 2 : ] 2 p 

-• 

1 0 : 1 7 * 

9 : 3 1 * 

1 :55p 

2 : 2 0 p 

2 : 1 0 p 

l :50(> 

2 : 4 0 p 

M U l l 

21Se|>87 

3 6 . 5 

1 1 . 0 

1 6 . 0 

119 .2 

134 ,2 

1 5 0 . 2 2 

152 .04 

D I U d l l E l E i r i l 

0 > l 

P I T 

DSf 

DSI 

DIT 

Day 

OIT 

DBT 

D a i 

0 > I 

M l 

DS I 

DBI 

O i l 

OBT 

O i l 

OBT 

DBI 

OBI 

DB I 

OBI 

DBI 

DBI 

OBI 

MU-12 

I l M t 

• • 

9 : ) 3 a 

12 :10a 

7:0Op 

1 i l 5 p 

10 :10a 

5 i 3 2 p 

9 : 0 5 p 

12 :47a 

11 :44a 

-
1 1 : 5 8 . 

I 2 : 0 5 p 

1 2 : 0 5 p 

1 2 : 0 0 p 

1 2 : 3 5 p 

1 0 : 1 0 p 

1 1 : 3 3 . 

MW' I2 

24S .P87 

4 5 . 0 

1 0 , 0 

4 0 , 0 

2 1 , 0 

1 1 . 0 

5 1 . 0 2 

5 2 . 5 1 

D I U I I D E L E I f l ) 

2 7 . 0 0 

2 7 . 1 5 

2 7 , 1 8 

2 7 . 3 0 

2 6 . 8 4 

2 6 . 4 6 

2 6 . 8 3 

2 6 . 6 1 

2 6 . 7 1 

2 6 . 2 4 

1 2 . 6 3 

2 3 , 5 2 

2 5 , 9 5 

2 6 , 2 9 

2 5 , 6 0 

2 6 , 0 0 

2 5 , 8 7 

2 5 . 9 8 

2 5 . 5 1 

2 5 . 1 8 

2 5 . 1 3 

2 5 . 0 3 

2 5 . 6 9 

2 6 . 0 7 

2 5 , 7 0 

2 5 . 9 2 

2 5 , 8 0 

2 6 , 2 9 

1 9 . 8 8 

2 7 . 0 1 

2 6 . 5 8 

2 6 , 2 4 

2 6 , 7 1 

2 6 . 5 1 

2 6 . 6 6 

2 6 . 5 5 

N u l l 

I IME 

10 :25a 

1 ;00p 

I l : l 8 a 

• • 

9 : 1 0 p 

•• 
1 1 : 1 5 a 

•• 
1 0 : 1 1 a 

1 1 : 2 5 a 

1 2 : 2 0 p 

1 2 : 2 0 p 

1 2 : 5 0 p 

8 : 1 7 p 

l : 0 0 p 

MU-11 

21Sep87 

7 6 , 0 

4 9 . 0 

5 9 , 0 

4 8 . 4 

1 8 . 4 

9 7 . 4 1 

9 8 , 1 9 

D I U I f l l E L E I f n 

5 6 , 7 2 

4 6 . 9 6 

4 6 , 7 5 

4 6 , 1 8 

4 6 . 9 7 

4 6 . 8 2 

4 6 . 2 1 

4 6 . 8 2 

4 7 . 0 8 

4 7 . 2 1 

4 6 . 4 6 

4 6 , 7 0 

4 6 . 7 1 

4 6 . 8 8 

4 1 , 6 7 

9 8 . 1 9 

5 1 . 4 1 

5 1 . 6 4 

5 2 . 0 1 

•-
5 1 . 4 2 

5 1 . 5 7 

5 2 . 1 8 

5 1 . 5 7 

5 1 . 3 1 

5 1 . 1 6 

5 1 . 9 1 

5 1 . 6 9 

5 1 . 6 6 

3 1 . 5 1 

B-14 

I IME 

3 : 3 5 p 

• • 

• • 

2 i 0 1 p 

1 0 : 0 0 * 

4 : 1 7 p 

8 : 0 0 p 

l l : 5 4 p 

1 2 : 4 3 p 

• • 

1 1 : 4 5 * 

8 : 5 3 * 

1 1 : 2 0 * 

9 : 5 0 * 

1 0 : 1 5 . 

9 : 5 0 p 

9 : 3 0 . 

• 14 

12SEPI8 

7 4 . 5 

6 7 . 0 

7 2 . 0 

• 4 0 . 1 

• 4 5 . 1 

2 6 . 9 4 

2 8 . 6 0 

l I U I F I l E L E d l ) 

1 0 . 1 0 

9 , 6 9 

9 . 8 2 

9 , 5 9 

8 . 4 5 

6 . 6 1 

8 . 9 8 

9 . 2 9 

9 . 8 5 

9 . 4 1 

9 . 8 2 

1 0 . 3 0 

9 . 3 1 

9 . 8 7 

9 . 0 5 

9 . 8 2 

1 8 , 5 0 

1 8 . 7 1 

1 8 . 7 8 

1 9 , 0 1 

2 0 , 1 5 

1 9 . 9 9 

1 9 . 6 2 

1 9 . 1 1 

1 8 . 7 5 

1 9 , 1 9 

1 8 . 7 8 

1 8 , 3 0 

1 9 . 2 9 

1 8 , 7 1 

1 9 , 5 5 

1 8 . 7 8 

• 15 

13SEPI8 

9 2 . 0 

• 15 

I IME O I U ( f l ) E l E ( f l ) 

8 - 1 6 

I IME 

3 : 1 5 p 

•• 
0 9 . 4 1 

l : 4 5 p 

2 : 3 0 p 

9 : 2 1 . 

5 : 0 1 p 

a : 2 1 p 

l l ; 4 5 p 

12:1S|> 

I 2 : i a p 

1 0 : 4 5 . 

9 : 4 6 . 

1 0 : 4 0 * 

1 0 : 4 5 a 

11 :20a 

9 : 5 j p 

1 0 : 4 0 * 

• 16 

9SEPIB8 

1 8 . 0 

2 2 , 0 

1 2 , 0 

4 . 1 

• 5 . 8 

2 6 . 2 5 

2 7 . 7 6 

O I U ( I I ) E I E I I I ) 

1 1 , 9 8 

1 2 . 2 5 

1 2 , 2 1 

1 1 . 9 9 

1 1 , 9 7 

1 0 , 5 7 

1 0 . 6 1 

1 0 . 9 1 

1 1 , 1 2 

10 .54 

1 1 . 1 0 

1 1 , 6 1 

1 2 , 0 1 

1 1 , 1 1 

1 1 , 5 9 

1 1 . 1 1 

1 1 . 4 0 

1 5 . 7 8 

•• 
1 3 . 5 1 

15 .55 

1 5 . 7 7 

1 5 , 7 9 

1 7 , 1 9 

17 ,13 

1 6 , 8 3 

16 ,64 

1 7 , 2 2 

16 .46 

16 .15 

1 5 , 7 1 

1 6 , 6 1 

1 6 . 1 7 

1 6 . 6 1 

1 6 . 1 6 

PHASE I I 

B 1 7 

I l M t 

• • 

• • 

10 :00a 

• • 

9 : 1 0 a 

1 2 : 1 4 p 

5 : 5 7 p 

• • 

•• 
10 :40e 

• • 

9 : 4 8 a 

2 : 0 5 p 

2 : 2 5 p 

2 : 2 5 p 

2 i l 5 p 

7 : 2 4 p 

2 : 2 5 p 

• - I 7 

26AUC86 

6 8 . 0 

5 9 . 0 

6 4 . 0 

9 2 . 8 

8 7 , 8 

1 5 1 . 8 1 

1 5 3 , 4 1 

D I U l l D E L E l i n 

6 1 . n 

6 4 . 0 7 

6 1 . 8 2 

6 1 . 6 8 

6 1 . 5 2 

6 1 , 1 0 

6 2 . 6 6 

6 2 . 7 2 

6 2 . 8 5 

6 2 . 8 8 

6 3 . 1 7 

6 2 . 5 2 

6 2 . 5 6 

6 2 . 4 2 

8 9 . 7 0 

8 9 . 1 6 

8 9 . 6 1 

8 9 . 7 5 

8 9 . 9 1 

9 0 , 1 1 

9 0 , 7 7 

9 0 , 7 1 

9 0 , 5 8 

9 0 , 5 5 

9 0 , 2 6 

9 0 , 9 1 

9 0 , 8 7 

9 1 . 0 1 

• IB 1 

I IME 

1 0 : 0 7 . 

1 1 : 1 8 . 

1 2 : 0 4 p 

5 : 5 l p 

1 0 : 2 6 . 

1 0 : 0 1 . 

1 :50p 

2 : 1 0 p 

2 : 0 5 p 

2 : 0 0 p 

7 : 2 8 p 

2 : 1 5 p 

• 18 

D I U I I I ) 

1 9 . 1 1 

1 9 . 1 8 

1 9 . 1 0 

1 8 . 8 0 

3 8 . 6 4 

3 8 , 4 9 

3 8 . 6 0 

3 8 . 2 8 

3 8 , 4 3 

3 8 . 6 0 

3 8 . 1 9 

3 8 . 4 7 

3 8 , 1 7 

1 8 , 2 7 

241UC88 i 

5 6 , 3 1 

4 4 , 5 1 

5 5 , 5 1 

107.0 t 

9 6 . 0 1 

1 5 1 , 5 2 1 

1 5 1 . 2 1 1 

E L E I f l ) 1 

114 .08 1 

1 1 4 , 0 1 1 

1 1 4 . 1 1 1 

1 1 4 . 4 1 1 

114 .57 1 

.. 1 
114 .72 1 

114 .61 1 

114 ,93 1 

114 ,78 1 

1 1 4 , 6 1 1 

114 ,82 1 

114 ,74 1 

114 ,84 1 

114 .94 1 

t h e b o r i n g a n d t h e sand pack 

SCS • Be loM C r o i ^ i d S u r f a c e 

CS • CrouTM) s u r f a c e 

IOC - t o p o f C a s i n g 

• I r w l i c a i t s n o t a v a i l a b l e o r a p p l i c a b l e 

i l C ' f l e v a c l o n Atwve C i i y o f facoma O a t i A 

(MLLU i s a p p r o M t a « t a l y 7 . 6 f t above t h e C i t y o f 

. a • a n , p • p a 

DTU t o r 6 - 3 5 K o v . 10, I n t e r m e d i a t e t i d e and l o w t i d e b a s e d on t r a r v l u c e r d a t a 

I D a t u 

Table B-5. 
Well and Water Level Data (Continued) 



ASARCO - Reo i rd ta l I n v e s t i g a t i o n 

t a b l e l - S W e l l and U a t e r l e v e l O a t a 

U i l l t • o r i n « D a t a \ Nae* 

Da te I n s t a l l e d 

T o t a l B o r i n g D e p t h 

l o p o l S c r e e n - BCS 

B o l l o M o l S c r e e n - BCS 

l o p o f S c r e e n E l e v a t i o n 

B o l l m o l S c r e e n E l e v a t i o n 

CS E l e v a t i o n 

IOC E l e v a t i o n 

u e t e r l e v e l 0 * 1 * 

D * l e 

O c t , 13 t o Oc t 20 S a e p l i n g 

O c t . 19 Lou T i d e 

Oc t 19 N e d i u a T i d e 

O c t . 19 BlBK T i d e 

Hov . 2 U * l * r L * v * l » 

N o v . 10 N igh T i d e 

Hov, 10 I n t e r m e d i a t e T i d e 

Nov , 16 u a t e r L e v e l a 

Nov . 22 u e t e r L e v e l e 

D e c . 1 U a t e r L e v e l e 

D e c . 7 U e t e r l e v e l e 

D e c . 15 U a t a r L e v e l e 

D e c . 22 U a t e r L e v e l a 

D e c . 29 U e t e r L e v e l a 

J a n . 3 u a t e r L e v e l a 

J a n . 5 f L E S I D I P P r o b e o i l 

J a n . 24 U a t e r L e v e l a 

( u n i i a l 

f e e t 

I e e t 

I e e t 

I e e t 

f e e l 

I e e t 

I e e t 

l i x i t i ) 

f e e t 

I e e t 

I e e t 

l a e t 

I e e t 

I e e t 

l e a l 

f e a t 

I e e t 

I e e t 

I e e t 

I e e t 

f e e t 

f e e t 

l e e l 

f e e l 

f e e l 

d e l e c t e d 

f e e t 

I I H E 

1 0 : 3 3 . 

I 2 i 4 5 p 

1 1 : 0 3 . 

9 : 3 3 p 

1 1 1 : 1 0 . 

1 1 0 : 2 5 . 

1 1 1 : 4 0 . 

1 1 2 i 3 0 p 

1 I 2 : 4 0 p 

1 l : 0 0 p 

1 a:70p 

1 1 : 2 0 p 

• ' 2 6 

D l u d l ) 

4 1 . 7 4 

4 2 . 0 9 

4 2 . 1 0 

4 2 . 0 1 

4 1 . 9 9 

4 2 . 0 4 

4 1 . 9 9 

4 2 . 0 0 

4 2 . 1 1 

4 2 . 1 3 

4 2 , 1 1 

4 2 , 1 1 

4 1 . 9 4 

4 2 . 1 0 

• •26 

I9>UC88 

4 1 , 5 

1 1 . 0 

4 1 . 0 

5 9 . 9 

4 9 . 9 

9 2 . 9 0 

9 4 . 8 7 

E l E I I I ) 

5 1 . 1 1 

5 2 . 7 7 

5 2 . 8 4 

5 2 . 8 8 

5 2 . 8 1 

5 2 . 8 8 

5 2 , 8 7 

5 2 . 7 6 

5 2 . 7 2 

5 2 . 7 6 

5 2 . 7 4 

3 2 . 9 3 

5 2 . 7 7 

• 27 

I IME 

1 0 : 3 9 . 

1 2 : 3 5 p 

1 0 : 5 0 . 

9 : 3 8 p 

1 1 : 0 0 . 

1 0 : 3 7 . 

1 1 : 5 5 . 

1 2 : 4 0 p 

1 2 : 4 5 p 

1 :10p 

8 : 0 4 p 

l : 3 5 p 

• - 2 7 

O I U ( F I ) 

5 5 . 9 4 

3 6 , 1 2 

3 7 . 3 7 

5 5 . 7 9 

-. 
5 6 . 3 1 

5 5 . 7 8 

5 6 . 5 5 

5 5 , 6 0 

5 5 , 6 5 

3 3 , 6 9 

3 5 . 5 7 

5 5 . 4 7 

5 3 . 6 0 

5 5 . 5 1 

224UC88 

7 0 . 0 

5 7 . 0 

6 7 . 0 

2 0 . 2 

1 0 . 2 

7 7 . 2 2 

7 8 . 5 0 

E l E d l l 

2 2 , 5 6 

2 2 , 3 8 

2 1 , 1 1 

2 2 , 7 1 

2 2 , 1 9 

2 2 , 7 2 

2 1 . 9 5 

2 2 . 9 0 

2 2 . 8 5 

2 2 . 8 1 

2 2 , 9 1 

2 1 , 0 1 

2 2 . 9 0 

2 2 . 9 9 

• -20 

I I M E 

l : 0 ( ) p 

1 1 : 1 1 . 

9 : 1 0 p 

1 1 : 1 4 . 

1 0 : 2 8 . 

1 1 : 1 5 . 

1 2 : 2 5 p 

1 2 : 2 5 p 

1 2 : 5 5 p 

8 : 1 5 p 

1 : 1 0 p 

B 28 

O T U ( f l ) 

DBI 

DB I 

DB I 

OBT 

OBI 

OBT 

DBI 

1 2 . 2 0 

OBI 

OBT 

1 1 . 8 6 

1 1 . 9 2 

1 1 . 6 9 

1 1 , 6 3 

19AIIC88 

3 0 . 5 

2 0 . 0 

3 0 . 0 

7 7 . 6 

6 7 . 6 

9 7 , 5 8 

9 9 . 5 1 

E L E I I I ) 

DB I 

DBT 

DBI 

DB I 

OBT 

OBT 

DBT 

6 7 . 3 1 

DB I 

DBT 

6 7 , 6 5 

6 7 . 5 9 

6 7 . 8 2 

6 7 . 8 8 

B 29 

I I H E 

I 2 : 4 5 p 

1 1 : 1 0 . 

9 : 1 4 p 

1 1 : 1 1 . 

1 0 : 2 0 . 

1 1 : 3 7 . 

I 2 : 3 5 p 

1 2 : 3 5 p 

l : 0 5 p 

6 : 1 0 p 

1 :25p 

B 29 

D I U I I I ) 

OBI 

OBI 

OIT 

DBI 

DBI 

OBT 

OBT 

DBI 

O i l 

DBI 

D i r 

OBT 

DBI 

OBT 

18<UCa8 

3 1 , 5 

2 0 . 5 

3 0 , 3 

7 2 . 2 

6 2 . 2 

9 2 . 7 4 

9 4 . 5 

t l E ( H ) 

DBT 

DBI 

•-
DBI 

DBI 

DBT 

DBT 

DBT 

OBT 

OBI 

DBT 

DBI 

DBT 

DBT 

D I I 

^ 
• - 30 

I l M t 

1 0 : 4 0 a 

--
1 2 : 3 5 p 

1 0 : 5 4 a 

9 : 1 0 p 

1 1 : 0 2 a 

1 0 : 1 2 a 

1 1 ; 3 8 a 

1 2 i * 3 p 

1 2 : 5 0 p 

l : 1 5 p 

a : 0 8 p 

1 :40p 

a - 3 0 

O l U l f l ) 

OBT 

DBI 

DB I 

DBI 

DBT 

--
DBT 

DBT 

OBT 

OBT 

DBI 

DB I 

DBT 

3 4 . 2 2 

.. 
3 4 . 2 1 

23AUC88 

11 ,5 

2 1 , 0 

1 1 . 0 

5 4 . 6 

4 4 . 6 

7 7 , 5 5 

7 9 , 1 0 

E L E i r i ) 

DBT 

OBI 

DBT 

DBT 

DBT 

DBT 

DBT 

DBT 

DBT 

DBT 

DBT 

DBI 

4 5 . 0 8 

4 5 . 0 9 

>HASE I I 

a 11 

I IME 

9 : 4 5 a 

-• 
1 1 : 2 0 . 

12 :2Bp 

6 : 0 5 p 

1 0 : 4 5 . 

9 : 4 1 . 

2 : 0 5 p 

2 : 4 0 p 

2 : 1 5 p 

2 : 3 5 p 

7 ; 1 7 p 

2 : 5 0 p 

B-31 

D I U d I ) 

1 0 . 3 7 

1 0 . 2 5 

1 0 . 3 8 

1 0 . 0 0 

8 . 5 1 

8 . 4 8 

8 . 8 6 

9 . 1 0 

9 . 4 8 

9 . 0 1 

9 . 3 7 

8 . 9 7 

.. 
9 . 1 4 

29AUCSa 

3 0 . 3 

17 ,5 

2 2 . 5 

8 1 . 9 

7 6 . 9 

9 9 . 4 

1 0 1 , 7 

E L E d l ) 

9 1 . 1 1 

9 1 . 4 3 

9 1 . 3 0 

9 1 . 6 8 

9 1 . 1 7 

9 1 . 2 0 

9 2 , 8 2 

9 2 . 5 8 

9 2 . 2 0 

9 2 . 6 7 

9 2 . 3 1 

9 2 . 7 1 

9 2 . 3 4 

a - 3 2 

- - - - • -

I I M E 

9 : 4 7 . 

.. 
1 1 : 2 5 . 

1 2 : 2 6 p 

6 : D i p 

--
1 0 : 4 7 . 

9 : 4 0 . 

2 s l 0 p 

2 : 1 5 p 

2 : 4 0 p 

2 : 1 0 p 

7 : 1 5 p 

2 : 5 5 p 

a - 1 2 

D I U d I ) 

1 0 . 7 2 

1 0 . 0 0 

1 0 . 6 5 

1 0 . 1 7 

8 . 5 6 

--
7 . 7 1 

7 . 9 1 

8 . 5 1 

8 , 7 9 

8 . 6 6 

a , 1 9 

8 , 0 6 

8 , 2 3 

29AUC88 

1 1 . 5 

6 . 5 

1 1 . 5 

9 2 . 7 

8 7 . 7 

9 9 . 2 1 

1 0 1 . 6 2 

E L E I I I ) 

9 0 . 9 0 

9 1 . 6 2 

9 0 . 9 7 

9 1 . 2 5 

9 3 . 0 6 

9 3 . 9 1 

9 3 . 6 9 

9 3 , 0 9 

9 2 . 8 3 

9 2 . 9 6 

9 3 . 2 3 

9 3 . 3 6 

9 3 , 3 7 

•I 
NOTES: 

1. A Volclay/lentonlte teal was placed bctMven the 

the boring and the sand pach 

2. SCS a IctoH CroiTvf Surface 

3. CS • Crixtfid surface 

4. TOC • lop of Casing 

t. • Indicates rwt available or applicable 

6, ELE • Elevation Above City of lacoma Datua 

fHLLU is approiimately 7.6 ft above the City of 

7. a • an, p • pn 

6. Olw for t - M Nov. 10, Intermediate tide and low 

lacoma Datun) 

llde based on tranducer data 

Table B-5. 
Well and Water Level Data (Continued) 



ASAtCO - Braedial Inveiligation 

Table 6-5 uell and Uater level Del. 

uell i Boring Data \ Naae a-21 

Date Inttalled 

total Bor ir>g Depth 

lop of Screen - BCS 

•ottoa ol Screen - •CS 

lop ol Screen Elevetion 

Bono* of Screen elevation 

CS Elevation 

IOC Elevation 

25Au<:aa 

41.0 

29.0 

14.0 

115,4 

110,4 

144,44 

146.10 

25AUC88 

16.0 

11.0 

16.0 

111.8 

128,8 

144.80 

146,64 

24AUC88 

10,5 

3.0 

15.0 
146,6 

116.6 

151.59 

151.14 

26Auca8 

10.5 

5 . 5 

10.5 

146.2 

141.2 

151,66 

133,64 

21AUC88 

24.0 

9.0 

14.0 

42,1 

1 7 . 1 

51,11 

5 3 . 3 0 

i6SEPiaa 

17.5 
lOAucea 

18.5 

12.5 

22.5 

44,8 

14.a 

57.25 
59.77 

wate 

Date 

Oct. 

Oct. 

Oct 

Oct. 

Oct. 
Nov. 

Nov. 

NOV. 

NOV. 

NOV. 

NOV. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 
Jen. 

Jan. 

Jan. 

r Level Oata 

11 to Oct 20 Saapltr^ 

19 LOW l ide 

19 Hediia l i de 
19 High l i de 

27 Water Levela 

2 water Levels 

10 Nigh l i da 

10 In iemadiate Tide 

10 Low l l de 

16 Water Levels 

22 Water levels 

1 Water Levels 

7 Water Levels 

IS Water levels 

22 Water levels 

29 Water Levels 
S Water Levels 

S f lE i lOIP Prcttm o i l delect 
24 Water Levels 

• -19 

D I U d I ) E l E I I I ) 

a-20 

OIU(FI) 

B-21 

IIME D I U d I ) E l E d l ) 

B-22 

IIME D I U d I ) ELEII I) 

a-21 

TIME DIUdI) ElEdll 

a-24 

IIME DIUIfll ELEIfl) 

a-25 

TINE D I U d I ) ELEII I) 

I 

a«l 

eet 

10:D5e 

11:12. 

12:02p 

5:46p 

10:26. 

I:25p 

9:57. 

1:40p 

2:O0p 

l:53p 

1:45p 

7: l i p 

2:05p 

17,28 128,82 

17,23 128.87 

11.57 114.53 

17.11 128.77 

16.81 129.29 

16.70 

16,16 

15.91 

16.04 

16.22 

16.25 

16.25 

15.91 

129.40 

129,74 

130,19 

130.06 

129.88 

129.85 

129.85 

130.19 

15.81 110.29 

aced iMlMeen the boltoie ol 

1D:02e DBT 

11:15a 

12:0ap 

I0:2aa 

9:5Sa 

1:15p 

1:55p 

l:50p 

1:10p 

7: l i p 

2:00p 

HOIES: 

1 . A volc lar /Bentoni te aeal ..at p l i 

the borirtg end the tarid pach 

2. BCS • BelOM Crtefid Surface 

3. CS • Croi^id aurteca 

4. IOC • lop o l eating 

5. •- > Ind ica le i not evai leble or appl icable 

6. ElE • Elevelicvi Above C I I T o l l.coaM Deliaa 

(H l i u IB epproji iaolely 7,6 l l ebovc the CitT o l I.COM Dalua) 

7. a • a>, p • pa 

8. OIU lor B-15 Nov. 10, lntcre«diate t ide end loi« t ide baaed on t r m ^ j c c r 

DBI 

DBI 

DBI 

DBI 

DBI 

16.85 

16.98 

17.14 

17.24 

17,24 

16,80 

DBT 

D > I 

OBI 

DBT 

DBT 

129.79 

129,66 

129,50 

129,40 

129.40 

129,84 

16.67 129.97 

I:15p 11.16 141.78 

10:10. 11,18 141,76 

11:12. 11,57 141,57 

12:07p 11.12 141,82 

5:54p 10.81 142,11 

10:15. 

10:05. 

I:45p 

2:05p 

2:00p 

l:55p 

7: U p 

10,72 

10,16 

10,24 

10,41 

10.58 

10.16 

10.46 

9.90 

142.42 

142.78 

142.90 

142,71 

142.56 

142.78 

142.68 

141.24 

2:IOp 10.12 141.02 

11:15. OBT DBT 

12:l4p OBI DBT 

5:57p OBT DBT 

DBT DBI 

l:17p DBT DBT 

12:40p DBT DBT 

5:14p OBT DBI 

10:40. 

9:49 . 

2:00p 

2:30p 

2:15p 

2:20p 

7:20p 

2:3ap 

DBT 

DBT 

OBI 

OBI 

DII 

DBI 

OBT 

DBT 

OBT 

OBT 

DBI 

OBt 

DBT 

DBT 

DBT 

OBI 

11:45. 

12:0Op 

12:10p 

12:10p 

12:IOp 

l2:4Dp 

OBT 

DBT 

DBT 

DBI 

DBI 

DBT 

DBI 

DBI 

DBT 

DBT 

DBT 

DBI 

OBI 

DBT 

DBI 

OBI 

7.78 51.99 

10:23. 7,15 52.62 

12:25p 12,55 47.22 

9:50p 6,21 51,34 

11:35. 

l :10p 

10:14. 

1:l5p 

l:40p 

2:50p 

2:45p 

7:5Dp 

6,41 

5.98 

6.31 

6.61 

6.81 

6.18 

6,18 

6. ID 

51,16 

51.79 

51.46 

51.16 

52.94 

51,19 
51.19 

51.67 

6.25 51.52 

Table B-5. 
Well and Water Level Data (Continued) 



ASARCO - Remedial Invest igat ion 

tabtr B 5 Well and Water Level Oata 

ue l l 1 Boring D e l . \ n tn t 

Dele Ine le l l ed 
l o t e l Boring Depth 

lop ol Screen - BCS 
•otIOM o l Screen • i d 

lop of Screen Elevat ion 

•ottom ol screen Elevetion 

CS Elevat ion 

IOC Elevat ion 

uaier Level Date 

D.te 

Oct. 13 to Ocl 20 Saiv l ing 

Oct. 19 Lo> Tide 
Ocl 19 Nediua l l de 

Oct. 19 High Tide 

Oct, 27 Uater Level* 

Nov, 2 uater Levela 

Hov, 10 High Tide 

Hov. ID lnter«edlete Tide 

Nov, 10 Low l l d e 

Hov, 16 uatar Level* 

HOV. 22 Ueter Level* 

Dec. 1 Ueter Level* 

Dec, 7 ueter Level* 

Dec. 15 Ual*r Level* 

Dec. 22 Ueter Level* 

Dec, 29 Ueter Level* 

J*n, 5 Ueter Level* 

J*n, 3 ILEalDIP Probe o i l 
Jen. 24 Ueter Levele 

l i * i i t t ) 

leel 
feel 

leel 

feel 

lee l 

lee l 

lee l 

f m l l l ) 

lee l 

Ieet 
feel 

feel 

feel 

feel 

feet 

feet 

feet 

feel 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

detected 

feet 

1 

I lMt 

l :49p 

10:14e 

* : IOp 

7:40p 

11:16p 

11:23* 

8:42* 

9:35* 

9:20* 

9:30* 

a:43p 

9:03* 

• •33 
OTU(fl) 

16,36 

16,82 

13,68 

9,70 

11,65 

14,25 

10,63 

10,53 

14,88 

10,18 

9.93 

10,13 

11.23 

9.12 

10.52 

15.53 

-NO 

9.49 

1 
B-11 1 

atcpiaa | 
44.5 1 

9.0 1 
19.0 1 

17.2 1 

7.2 1 

26,20 1 

27,46 1 

E l f l l l ) 1 

11,10 1 

10,64 1 

11.78 1 

17,76 1 

15,81 1 

11.21 1 

16.81 I 

16.91 1 

12,58 1 

17.28 1 

17,53 1 

17.31 1 
16.23 1 

18.34 1 

16.94 1 

11.9] 1 

17,97 1 

IIHE 

1 

9 

4 

7 

11 

12 

I t 

8 

10 

46p 

46* 

0«p 

57p 

25p 

31* 

28* 

35* 

15* 

10:00a 

9 

9 

40* 

OOp 

9:45* 

B-34 

DIU(FI) 

16.25 
13.24 

14.10 

12.83 

13.17 

14.37 

11.67 

12.14 

13.92 

12.11 

12.18 

12.82 

12.91 

13.46 

11.57 

13.13 

16.20 

-NO 

12.77 

B-34 

13tEPI8a 

29,5 

9.0 

19,0 
17.9 

7,9 

26.93 

28.93 

ELEd l ) 

12.68 
15,69 

14.83 

16,10 

13.76 

14.56 

17.26 

16.79 

13.01 

16.82 

16.75 

16.11 

16.02 
13.47 

17.36 

15.80 

12.71 

16.16 

PHASE 11 

B 15 

IIME 

l :49p 

1:57p 

9:36* 
4:14p 

12:45p 

11:42* 

8:57* 

11:30. 

9 :50. 

9 :43. 

9:05p 

9:40a 

B-35 

OIUdT) 

10,11 
15.41 

12.52 

10,21 

11,32 

12.55 

9,54 

10,17 

13.42 

9,09 

10.36 

10,00 

10,30 

10,49 

9,37 

10,70 

14.88 

-HO 

10.08 

13SEPia8 

47.0 

11.0 

41,0 
-7.0 

•17.0 

26.00 

27,66 

ELEd l ) 

17.55 
12.25 

15.14 

17.45 

16.14 

15.11 

i a . i 2 

17.49 

14.24 

18.57 

17,30 

17.66 

17.16 

17.17 

18.29 

16,96 

12,78 

17.38 

B36 

IIME 

3:50p 

2:00p 

10:03a 

4:20p 

7:32p 

11:33p 

12:40p 

11:31a 

a :49a 

11:23a 

9:40a 

I0 :05 i 

8:4ap 

9 :25 . 

B36 

D I U d I ) 

12,44 

12.81 

12,74 

12,37 

12.09 

12.17 

9.21 

10.35 

10.87 

11.71 

10.85 

12.05 

11.58 

12.56 
10.41 

12.41 

11.63 

•HO 

12.16 

6SEPia8 

29.5 
9.0 

19,0 

18.3 

8.1 

27.3 

28.9 

ELEd l ) 

16.49 16.12 

•• 
16.36 

16.84 

16.56 

19.72 

18.38 

18.06 

17.20 

la.oa 
16.88 

15.15 

16.15 

18,52 

16,52 

17.28 

16.77 

. 
B 3 7 

IIME 

9 :18 . 

l :45p 

2:32p 

9 :20 . 

5:06p 

8:25p 

l t :4Sp 

I2:10p 

10:33. 

9 :53 . 

10:45. 

11:00. 

11:10. 

9:52p 

10:43. 

B-37 

D IUI I I ) 

9.55 

9.63 

9.61 

9.98 

9,56 

7.61 

8.43 

7.25 

7.86 

7.38 

7.96 

8,72 

9.22 

9,11 

8,70 

8.24 

-HO 

8.18 

16SEPI88 
22.0 

9.0 

19,0 

13,6 

3.6 

24,59 

26.33 

ELEd l ) 

16,78 

16.70 

16.72 

16.35 

16.77 

18.72 

17.88 

19.08 

18.47 

18.95 

18,37 

17,61 

17,11 

17,22 

17,61 

18,09 

17,95 

PHASE I I 

SIAIf CACE AI IHE 

SEA DOCK 

IIHE 

9:10e 

I2:15p 

4:55p 

2:0ep 

10:15e 

4:05p 

7:10p 

11:21p 

I2:49p 

9:00e 

11:19. 

8 :10 . 

9 :50 . 

9 :16 . 

9 :25 . 

10:01p 

9 :00 . 

• IDE CACE 

D I U d I ) 

13.68 

7,81 

10.28 

7,94 

6.47 

7.75 

13,25 

20.70 

7,43 

10.40 

6,70 

9,B1 

6.93 

9,21 

6.61 

20.48 

8,26 

19Jen88 

26.61 

ELEd l ) 

12.91 

18.80 

16.11 
18.67 

20.14 

18.86 

11.16 

3.91 

19.18 

16.21 

19,91 

16.80 

19.68 

17,40 

19.98 

6.13 

18.35 

NOTES: 

1. A Volclay/Bentonite aeal was placed between the botton of 

the borir^ and the aand pack 

2. BCS ' Below CrotxvJ Surface 

3. CS • Croixid surface 

i. TOC • Top of Casing 

i . • Indicates not available or appllceble 

6. ElE • Elevation Above City of Tacona D a t m 

(HLIW is approaimately 7.6 ft above the City of Tacoma Datua) 

7. a • am, p • pa 

8. DTW for S-33 Nov. 10, Intermediate tide and low tide based on tranducer data 

Table B-5. 
Well and Water Level Data (Continued) 



Key t o E x p l o r a t i o n Logs 
Sample Oesc r lp taans 
Classification of soils in ttiis rsoopt Is tiased an visual field and laooratary ooservatians 
wnicn Include dsnaity/canaistency. inaisture canditlan. grain size, and plasticity aatifflatss 
and anould not Oe construed to imoly field nor laooratory tasting unlsss prosantad harem. 
Visual-manual classification matnods a t ASTM 0 2488 xera used as an identification gulos. 

Soil dsscriotions consist of tne follOMing: 
•ansity/consistency, moisture, color, minor constituents. MAJOB CONSTITUENT, additional remarics. 

Dens i t y /Cons1s tency 
S o i l d a n s I t y / c o n s i s t e n c y i n D a r i n g s i s 
S o i l d e n s i t y / c o n s i s t e n c y i n t s a t p i t s 
p a r a n t n a t i c a l l y on t n e t a s t p i t l o g s . 

SANO o r GRAVEL 

O a n s i t y 

Vary l o o s e 

Loose 

Hed lun dense 

•ense 

Very dense 

N. 
P e n e t r a t i o n 
n e s i s t a n c s 
In a i o w o / F o o t 

0 - 4 

4 - 1 0 

10 - 30 

3 0 - 5 0 

>30 

r e l a t e d p r i m a r i l y 
i s e a t i n a t s d aased 

SILT o r CLAY 

Cons i s tency 

Very s o f t 

S o f t 

MeOlun s t i f f 

S t i f f 

Very s t i f f 

Hard 

t o the Standard P e n e t r a t i o n B a a l s t a n c a . 
an v i s u a l a o s e r v a t i o n and i s p rasan ted 

N. 
P e n e t r a t i o n 
Pes l s t ancs 
I n aiOMS/Faot 

0 - 2 

2 - 4 

4 - 3 

a - IS 

13 - 30 

>30 

ADorox ina ta 
snaar 
S t r e n g t h 
i n rSF 

<0.12S 

O. iaS - 0 .23 

0 .25 - 0 . 3 

O.S - 1.0 

1.0 - a.o 

. >a.o 

Moisture 

Ory Little percsptlbla moisture 

Oafflo Some perceotltJls moisture. 
prooaoly balOM aotimum 

Hoist Prooaoly near ootimun 
moisture content 

Wet Mucn oercaotibls moisture. 
prooaoly aoove aptiaun 

Minor Constituents 

Not identified in descriotion 

Sligntly (clayey, silty. etc.J 

Clayey, stlty. sandy, gravelly 

Vary (clayey, silty. etc.) 

Estimated 
Percentage 

0 - S 

3 - 1 2 

12 - 30 

30 - SO 

Legends 
S a m p l i n g 
aoniNS SAMPLES 

s 
s 
M 
* 
p 

Tes t 

GS 

MA 

HYD 

K 

CA 

MET 

TPH 

BTEX 

ABN 

PCB 

S o l i t Sodon 

She lby Tude 

C u t t i n g a 

NO Samole Pecovery 

Tuoa Pushed. Not O r i v e n 

Symbols 

Grain Size Analysis 

Mecnonicol Grain Size 

Hydronneter Grain Size 

Permeabi l i ty 

Chemical Analysis 

Metal Analysis 

Petroleum Hydrocarbon Analysis 

Benzene. Toulene. Ethylene. Xylene 

Extractoble 

Polychloronated Biphenel Analysis 

Monitoring Weil Installation 

• Steel Monumenl with Locking (^p 

• Reody Mix Concrete Surfoca Seal 

9—inch ^ Borehole 

Volcldy Grout 

Water Level 

No. 35 Snico Sand 

2 - inch <p PVC Riser Pipe 

1 0 / 2 0 CQ\ora6o Silica Sand 

2 - i n c h ^ 0.020 Slot PVC Screen 

Bentonits Pallats 

Nativa Material 

J-1824-32 February 1389 
HAflT-CflOWSEH S assoc ia tes , i n c . 

Figure B-1. 



Boring Log and Construction Data for Well MW-1A2 
- Geologic Log 

au . 

Well Design 
Top Cas ing E leva t i on in Feet 24.24 
Cas ing S l i ckup in Feet 1.53 

Ground Surface E levat ion in Feet 22.71 pH Sample Testing 

^i'ery dense, d r y , b l a c k , s i U y . sandy GRAVEL. 
\ ( . ; s p h a U ) / 

5 -

10 -

15 

20 

25 

30 

35 

40 

45 

SO 

|(Dense), damp, gray , brown, s i l t y , g r a v e l l y SAND./ 
(Granular F i l l ) ^ | 

Very dense, d r y , medium g ray , massive SLAG. 
(Slag F i l l ) 

Loose, we t , dark g ray , g ranu la r SLAG. 

j-Wood chips in c u t t i n g s . 
—Sul furous odor de tec ted . 

Bottom o f Bor ing a t 25.C Feet. 
Completed 10/15/87. 

7.0 S-2 

^ 

NOTES: 

1. Soil descr ip t ions a ie in ierpre l ive and ac tua l 
cnanges may Oe g radua l . 

2. Water Leve l is lor da l e I n d i c a t e d and may 
vary with t ime of year. ATO:AI Time o l D r i l l i n g 

J-1824-32 October 1987 

HART-CROWSER & associates, inc. 

Figure B-2. 



Boring Log B-1 A 
- Geologic Log 

s • 
au. 

Well Design 
Top Casing E levat ion in Feet 
Casing St ickup in Feet 

G round Surface E leva t ion in Feet 23.0 pH Samp le Tast ing 

Very dense, d r y , b lac l t , s i l t y , sandy GRAVEL. 
-\(. 'o,)halt) [ - ^ - ^ ^ 

5 -

10 -

15 -

20 -

- Sulfurous odor detected. 

25 

30 

3 5 -

4 0 -

4 5 -

50 

(Dense), damp, gray brown, s i l t y , g r a v e U y SAND. 
(Granu lar r i l l ) 

Very dense, w e t , dark g ray , massive SLAG. 
(Slag F i l l ) 

Loose, w e t , b l a c k , f i n e to coarse wood fragr.nents 
(Uoodchip F i l l ) 

Bottom o f Bor ing a t 28.0 Feet. 
Completed 10 /3 /87 . 

S-1 

7.0 

3 . 
ATD 

No l.'ell I n s t d U a t i o n . 

NOTES: 

1. Soil descr ipt ions are in ierprel ive and actual 
changes may be gradua l . 

2. Waiar Level is for data i nd i ca red and may 
vary with time of year, ATO:At Time of Dr i l l i ng 

J-1824-32 September 1987 
HART-CROWSER & associates, inc. 

Figure B-3. 



Boring Log and Construction Data for Well MW-1B 
- Geologic Log 

au. 

2 = 

Well Design 
Top Casing Elevation in Feet 24.13 
Casing Stickup in Feet 1.52 

Ground Surface Elevation in Feet 22.61 Sample 

HVery dense), dry, black, s i l t 
(Asphal t ) / 

5-

10-

15 

20 -

25-

30 

35-

40 

45 

50-1 

Y. sandy GRAVEL. 

(Dense), damp, gray, brown, silty, gravelly SAND. 
(Granular Fill) j 

(Very dense), dry, medium gray, massive SLAG. 
(Slag Fill) 

(Loose), wet, dark gray, granular SLAG. 

Bottom-of Borino at 15.0 Feet. 
Completed 10/15/07. 

NOTES: 

1. Soil descr ip t ions a ie inif trDrei ive and ac tua l 
changes may ba g radua l . 

2. Water Leve l is lor date i n d i c a t e d and may 
vary witrt t ime ot year. ATD:At Time o l D r i l l i ng 

J-1824-32 October 1987 
HART-CROWSER & associates, inc. 

Figure B-4. 



Boring Log and Construction Data for Well MW-2A 
- Geologic Log 

au. 
<5.c 

Well Design 
Top Casing Elevation in Feet 27.08 
Casing Slickup in Feet 2.22 

Qround Surface Elevation in Feet 24.86 

5 -

10 -

15 

20 -

25 

30 

35-

40-

45-

50-> 

(Very dense), dry, black, silty, sandy GRAVEL. 
' (Asphalt) / 

Very dense, dry, medium gray, massive SLAG. 
(Slag Fill) 

Medium dense, wet, dark gray, granular SLAG. 
(Slag Fill) 

Loose, wet, brown, silty, medium to coarse SAND 
with many wood, fragments. Strong sulfurous odor, 
rcranular Fiin 
Bottom of Boring at 31.5 Feet. 
Completed 10/9/87. 

pH 
Sample Testing 

6.0 

6.0 
s-r 

6.5 s-2 

7.0 S-3 

C.", 

CA tJEZasSBl 

NOTES: 

1. Soil descr ipt ions are interpretive and ac iua l 
changes may be g iadua l , 

2. Water Leve l <s for l i a ie Ind ica ted and may 
vary with t ima ol year. AT0:A | Time o l Dr i l l i ng 

J-1824-32 October 1987 
HART-CROWSER & associates, inc. 

Figure B-5. 



Boring Log and Construction Data for Well MW-2B 
> Geologic Log 

au . 

Well Design 
Top Casing Elevation in Fee! 27.06 
Casing Sljckup in Feet 2.16 

Ground Surface Elevation in Feet 24.90 Sample 

• \ 

5 -

10 -

15 -

20 

2 5 -

3 0 -

3 5 -

4 0 -

45 -

50 -I 

Very dense), dry, black, s i l t y . sandy GRAVEL. 
' (.''.sphalt)/ 
(Loose to very dense), dry to wet, granular to 
massive SLAG. (Slag F i l l ) 

Bottom of Boring at 20.0 Feet. 
Completed 10/12/87. 

- 2 _ 

NOTES: 

1. Soil descr ip t ions are interpret ive and ac tua l 
changes may be g radua l . 

2. Water Leve l is lor date i n d i c a t e d and may 
vary wi th l ime o l year. ATO:At Time o l D r i l l i n g 

J-1824-32 October 1987 
HART-CROWSER & associates, inc. 

Figure B-6. 



Boring Log B-2C 
- Geologic Log 

c 
aul 

5 = Ground Surface E leva t ion in Feet 25 Samp le 

. 4 V e r y dense) ,d ry , b l a c k , s i l t y , sandy G.^.WEL. 
(Granu lar F i l l ) / 

5-

10 -

15 -

20-

25-

30 -

35-

40-

45-

50 

(Loose to very dense), dry to wet, gray, massive 
SL.\G. (Slag Fill) 

Obstruction. Drill refusal. 

Bottom of Boring at 28.0 Feet. 
Completed 10/16/87. 

SL. 
ATD 

Well Design 
Top Casing E leva l i on in Feet 
Casing S l ickup in Feet 

No Well I n s t a l l a t i o n . 

NOTES; 

1. Soil descr ipt ions ate interpretive and ac iua l 
changes may oe gradua l . 

2. Water Level is lor date i nd i ca ted and may 
vary with time ol year. ATD:At Time ot Dr i l l ing 

J -1824-32 September 198 7 
HART-CROWSER & associates, inc. 

Figure B-7. 



Boring Log B-2C2 
- Geologic Log 

— e 
au. 
e 
OS Ground Surface Elevation in Feet 25 

:1 
5-

10-

15-

20 

25-

30-

35 

40-

45 

50-" 

Very dense), dry, hlack. siltv sandv GRAVEL. 
(Asphalt)/ 

(Loose to very dense), gray, granular to massive 
SLAG. (Slag Fill) 

Medium dense, wet, gray to light gray, silty. 
very gravelly, fine to medium SAND with many shell 
fragments. (Recent I'.arine Sand) 

Uood fragments. 

Stiff, wet. greenish gray, sandy SILT with many 
shell fragments. (Recent Marine Silt) 

PH 

Well Design 
Top Casing Elevation in Feel 
Casing Slickup in Feet 

Sample Testing 

8.0 S-1 

7.0 S-2 

7.0 S-3 

7.0 S-4 

7.0 S-5 

7.0 S-o 

7.0 S-7 

E 

E 

\ 

.ATD 

NOTES: 

1. Soil da&cfiptton& are interpret ive and ac tua l 
changes may be g radua l . 

2. Water Leve l is lor da l e i n d i c a t e d ar id may 
vary with tirrte ol year. ATO:At Time o< OrtJ l ing 

J-1824-32 September 1987 
HART-CROWSER & associates, inc. 
Sheet 1 of 2 Figure B-8. 



Boring Log B-2C2 
> Geologic Log 

au . 

50-
Ground Surface E leva l i on in Feet 25 

55-

60-

65-

70-

75-

80-

85-

90-

95-

100-* 

Stiff, wet, gray, clayey SILT with occasional 
gravel and sandy SILT. (Vashon Advance Silt) 

Dense, wet, gray, silty, gravelly SAND. 
(Recent !-',arine Gravel) 

Bottom of Soring at 64.5 Feet. 
Completed 10/16/87. 

Well Design 
Top Casing E levat ion in Feet 
Casing S l ickup in Feet 

pH 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

Samp le Testing 

S-8 

S-9 

S-10 

S - l i 

3-12 

S-13 

':'M w 

' ' • ' ' ' / / / • 

y ' y ' / / 

m̂ 
No We) \ i n s t a i U t i o n . 

NOTES: 

1. Soil descrJDiions are inierprel ive and ac iua l 
Changes may be gradua l . 

2. Water Level is tor date i nd i ca ted and may 
vary with time of year. A1D:A1 Time ol Dr i l l i ng 

J-1824-32 October 1987 

HART-CROWSER & associates, inc. 

Sheet 2 of 2 Rgure B-8. 



Boring Log B-3A 
.- Geologic Log 

au. 

OS Ground Surface Elevation in Feel 23.0 pH 

(Very dense), dry, black, silty. sandy GR.AVEL. 
;\ (.Uphalt) / ~ ^ 
\( Dense). 
\ (Granu 

5 -

1 0 -

15 -

2 0 -

2 5 -

3 0 -

35 

40 

45 -

50-" 

damp, gray-brown, s i l t y , grave 
lar F i l l ) 

1 SA.ND.r 

(Dense), dry. medium gray, massive SLAG. (Slag F i l l ) 

Loose, wet, dark, gray, granular SLAG. 

Oil black, viscous clots of o i l In slag 
24 to 33 

Botton of Boring 33.0 Feet. 
Completed 10/12/37. 

Sample 

7.0 S-1 

7.0 S-2 

7.0 S-3 

2_ 

CA 

CA 

Well Design 
Top Casing Elevation in Feet 
Casing Stickup in Feet 

No Uel1 Ins ta l l a t i on . 

NOTES: 

1. Soil descr ip t ions ate interpret ive and ac tua l 
changes may be g radua l . 

2. Water Leva l is lor date i n d i c a t e d and may 
vary with t ime ol year. ATO:AI Time o l D r i l l i n g 

J-1824-32 September 1987 
HART-CROWSER & associates, inc. 

Figure B-9. 



Boring Log and Construction Data for Well MW-3A2 
- Geologic Log 

• 9 

au. 
Ss 

Well Design 
Top Casing E levat ion in Feet 28.84 
Casing S l ickup in Feet 2.44 

Ground Surface E leva t ion in Feet 26.40 pH Sample Tasting 

Xyery dense) , d r y , b l a c k , s i l t y . sandy GRAVEL. 
; | ( . r s p h a l t ) / 

(Dense to l o o s e ) , g ray , g ranu la r to massive SL,^G. 
(Slag F i l l ) 

5 -

1 0 -

15 

20 

aottora o f Bor ing a t 21.0 Feet . 
Completed 10/14/87. 

25 

3 0 -

35 

40 

4 5 -

50 

NOTES; 

1. Soil descr ipt ions are interpretive and ac iua l 
changes may ba g radua l . 

2. Water Leva l is 'or da le i nd i ca ted and may 
vary with t ime ot year. A10:At Time o l Dr i l l i ng 

J-1824-32 October 1987 
HART-CROWSER & associates, inc. 

Figure B-10. 



Boring Log and Construction Data for Well MW-3B 

^2 
au. 

Geologic Log Well Design 
Top Casing Elevation in Feet 28.94 
Casing Slickup in Feel 2.46 

Ground Surface Elevation in Feet 26.48 pH Sample Testing 

i Very dense),dry, black, siltv. sandv GRAVEL. (Asphalt) / 

.[Dense), wet, gray, granular to massive SLAG. 
(Slag Fill) 

5 -

10 

15 -

20-

25-

30 -

35 

40-

45-

50 

Bottom of Boring at 13.0 Feet. 
Completed 10/14/87. 

bissza 

NOTES: 

1. Soil descr ip t ions a ie interpret ive and ac iua l 
changes may be g radua l . 

2. Water Leve l is tor date i n d i c a t e d end may 
vary with l ime of year. ATD;At Time o l D r i l l i n g 

J-1824-32 October 1987 
HART-CROWSER & associates, inc. 

Rgure B-11. 



Boring Log and Construction Data for Weil MW-4 

. . 9 

au. 
a S 

0 

- Geologic Log 

Ground Surface E leva l i on in Feet 36.93 

5 -

10 

15 -

20 

25 -

30 -

Loose to medium dense, damp to m o i s t , broivn, 
s l i g h t l y s i l t y , g r a v e l l y SAflD. (Granular F i l l ] 

Very dense, damp, brown, s i l t y , g r a v e l l y SAND. 
(Pre-Vashon Sand) 

".ediui.i dense, we t , brown, s l i g h t l y s i l t y . very 
sandy GRAVEL to SAND. 

Very dense, we t . redd ish brown, s l i g h t l y s i l t y . 
sandy GRAVEL. Gravel increases w i t h dep th . 

35 

40-

45 -

50 -> 

Bottom of Boring at 34.0 Feet. 
Completed 9/30/87. 

Well Design 
Top Casing E leva t ion in Feet 38.54 
Casing St ickup in Fee l 1.61 

pH Sample Testing 

7.0 S-1 

7.0 S-2 

7.0 S-3 

7.0 S-4 

7.0 S-5 

7.0 S-o 

7.0 S-7 

7.0 S-8 

7.0 S-9 

7.0 S-10 

7.0 S-11 

7.0 S-12 

7.0 S-13 

7.0 S -M 

E 

E 

CA 

CA 

IGS 

CA 

GS 

* y ' W ' ' ^ r ^ >?? 

li? 

NOTES: 

1. Soil descr iot ions are interpretive and actual 
changes may be gradua l . 

2. Water Leve l is <or date i nd i ca ted and may 
vary with l ime of year. A T O : A I Time ot Dr i l l i ng 

J-1824-32 October 1987 
HART-CROWSER & associates, inc. 

Rgure B-12. 



Boring Log and Construction Data for Well MW-5 
- Geologic Log 

au. 
as 

0 -
Ground Surface E leva l ion in Faet 48.65 

5 -

10 -

15 -

2 0 -

25 

3 0 -

35 -

40 

45 

50 -1 

Loose, damp, brown, s i l t y , g r a v e l l y SAHD. 
(Granular F i l l ) 

:'.edium dense to very dense, s i l t y , g r a v e l l y SAND. 
(Pre-Vashon Sand) 

Very dense, wet , gray brown, s l i g h t l y s i l t y , very 
sandy GRAVEL to g r a v e l l y SAflD. 

Very dense, we t , brown, s i l t y , very sandy GRAVEL/ 
g r a v e l l y SAND. 

Hard, damp, b l ack , s l i g h t l y sandy, s i l t y LIGNITE. 
(Pre-Vashon - L i g n i t e ) 

Very dense, damp, gray SAND w i t h laminated brown 
s i l t s t r i n g e r s . (Pre-Vashon Sand) 

Hard, damp, b l a c k , s l i g h t l y sandy, s i l t y LIGNITE. 
(Pre-Vashon - L i g n i t e ) 

Very dense, wet . b l u i s h gray green, s i l t y 
tu f facpous S.-..ND. 

Well Design -
Top Cas ing E l e v a l i o n in Feet 49.96 
Cas ing S l i ckup in Feet 1.31 

pH Samp le Testing 

CA 7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

- Z 

- E 
s-2 

S 

S-4 

S-5 

S 

S 

- E 

S - 8 g 

S-9 S 

7.0 s-:o 

7.0 s-11 

7.0 s - i : 

7.0 s-13 

7.0 s - ; 4 

7.0 S-15 

7.0 S- io 

7.0 S-17 

7.0 S-18 

7.0 S-19 

7.0 S-20 

s 

z 

CA 

GS 

CA 

ATD 

i 
i 
"/y% 

i 
y/-y/y 

^ s 

y/. 

y y y 

i 
^ 

NOTES: 

1. Soil descr ip t ions a ie interpret ive and ac tua l 
changes may be g radua l . 

2. Water Leve l is tor date i n d i c a t e d and may 
vary wi th t ime of year . ATD:Ai Time o l D r i l l i n g 

J-1824-32 October 1987 

HART-CROWSER & associates, inc. 

Sheet l o t 2 Figure B-IS. 



Boring Log and Construction Data for Well MW-5 
- Geologic Log 

a u . 

a s 

Well Design 
Top Casing Elevation in Feel 
Casing Stickup in Feet 

50 
pH Sample Testing 

5 5 -

60 

65 -

70 -

75 -

BO­

SS -

90 

9 5 -

100-1 

Very dense, greenish gray, s i l t y tuffaceous SAND. 
(Pre-Vashon Sand) 

Very dense, wet, black, gravelly to non-gravelly 
SAND. 

Very dense, damp, green, s i l t y , s l i gh t l y gravelly 
to non-gravelly tuffaceous SAND. 

Bottom of Boring at 69.5 Feet. 
Completed 9/29/87. 

7.0 S-2I 

7.0 S-22 

7.0 S - 2 3 ^ 

7.0 S-24 

7.0 S - 2 5 ^ 

7.0 S-25 

7.0 S-27 

7.0 S - 2 S ^ 

NOTES; 

1. Soil descr iot ions are interpretive and actual 
changes may be gradua l . 

2. Water Level is lor date i nd i ca ted and may 
vary with time of year. ATO:Al Time 01 Dr i l l ing 

J-1824-32 October 1987 
HART-CROWSER & associates, inc. 
Sheet 2 of 2 Figure B-13. 



Boring Log B-7 
- Geologic Log 

a t i . 

a S 
Ground Surface Elevalion in Feet 25.3 

5-

10 

15 -

20 

25 -

30 

35 

40-

45 -

50-1 

Loose to medium dense, damp, brown, si'.ty, 
gravelly SAND.- (Granular Fill) 

Very soft to stiff, wet, slightly gravelly, clayey 
SILT with shredded wood fibers. (FILL) 

Very stiff to hard, damp, gray SILT v.'ith flakey 
texture.(Vashon Advance Silt) 

Bottom of Boring at 35.C Feet. 
Completed 10/5/27. 

Well Design 
Top Casing Elevation In Feet 
Casing Slickup in Feet 

pH Sample Testing 

11.C - E 
7.0 S-2 

. S - 3 ^ 

4.0 S-4 

7.0 S-S 

7 .0 S-6 

7 .0 5-7 

7 .0 S-8 

7.C S-9 

7 . 0 S-10 

7.G s - i : 

7.0 S-12 

7.0 S-13 

7.0 S-14 

E 

E 

CA 

CA 

CA 

NOTES: 
1. Soi l descr ip t ions are interpret ive and ac tua l 

changes may De g radua l . 
2. Water Leve l is lor date i n d i c a t e d and may 

vary with t ime of year. A1D:A | Time ot D r i l l i n g 

J-1824-32 October 1987 
HART-CROWSER & associates, inc. 

Figure B-14. 



Boring Log and Construction Data for Well MW-6 
- Geologic Log 

au. 
as 

Ground Surface E leva t ion in Feet 26.03 

5 -

10 -

15 

20 -

25-

30 

35-

40-

45 -

50 

CONCRETE FLOOR SLAB. 

Medium dense to loose, damp, brown, silty, 
gravelly SAND. (Granular Fill) 

Medium stiff to hard, wet, gray, clayey, 
sandy SILT with scattered gravel. (Alluvium) 

f'edium dense, wet, gray brown, silty, sandy UHAVtL, 

Hard. damp, gray, silty SAND to sandy SILT. 
(Vashon Advance Silt) 

Bottora of Boring 42.5 Feet. 
Completed 10/2/07. 

Well Design 
Top Casing E levat ion in Feet 27.99 
Casing St ickup in Faet 1.96 

pH 

5.0 

5.0 

5.0 

Sample Testing 

3-1 Y CA 

S-2 

S-3 E 
o.O S-4 

6 . 0 

7 . 0 

7 .0 

6.0 

E 
* S - 6 

3 -7 

S-8 

* S - 9 

S - IO 

7 . 0 S - 1 1 

7 . 0 

7 .0 

7 . 0 

7.G 

7 . 0 

s-:2 

S-12 

S-14 

S-15 

S-15 

E 
E, 

E 

7.C S-17 

CA 

CA 

A GS 

i 
y / / y 

^ ^ 

<y/A 

f fSi 

<y 

# 

If 
v.y/y 

'y/A 

x^ 

NOTES: 

1. Soil descr ipt ions aie interpretive and ac iua l 
changes may be gradual . 

2. Water Level is lor date i nd i ca ted and may 
vary with time of year. ATO:At Time ot Dr i l l i ng 

J-1824-32 October 1987 
HART-CROWSER & associates, inc. 

Figure B-15. 



Boring Log and Construction Data for Well MW-8 
- Geologic Log 

au. 
S.E 

Ground Surface Elevation in Feet 25.02 

10 -

15 -

20 

2 5 -

30 

35 -

4 0 -

46 -

50-" 

Very dense to loose, wet, reddish, black to black, 
granular to massive SLAG. (Slag F i l l ) 

Black, high viscosity o i l from 9 to 16.5 feet. 

Dense to loose, gray, very sandy C.1AVEL -..'ith many 
shell fragments. (Recent tiarine Gravel) 

Very s t i f f , wet, green-gray, clayey SILT. 
(Recent Marine S i l t ) 

Bottom of Boring at 35.0 Feet. 
Completed 10/1/87. 

Well Design 
Top Casing Elevalion in Feel 26.42 
Casing Stickup in Feet 1.4 

pH Sample Testing 
7.0 S-1 C^ CA 

7.0 S-2 

*S-3 

•S-4 

7.0 S - S m CA 

7.0 s-e 

7.0 s-7 

7.0 s-8 

7.0 S - g M GS 

7.0 S-10 

7.0 S-11 X GS 

7.0 s-:2 

7.0 S - l - M CA 

7.0 S-14 7 

NOTES: 

t . Soi l descr ip t ions are interpret ive and ac iua l 
Changes may De g radua l . 

2. Water Leve l is tor da te i n d i c a t e d and may 
vary with t ime ol year. A l D : A t Time o l O r i i l i n g 

J-1824-32 October 1987 
HART-CROWSER & associates, inc. 

Figure B-16. 



Boring Log and Construction Data for Well MW-9 
Geologic Log 

a u . 

a S Ground Surface Elevation in Feet 25.54 

5-

10 -

15 

20 -

25 

30 

35-

40-

45 -

50 

Very dense, damp, reddish brown SAND. 
(Granular Fill) 

Very dense, wet, dark, gray black, granular to 
massive SLAG. (Slag Fill) 

Wood fragment. 

Wood fragment. 

Medium dense, wet, gray, slightly silty, gravelly 
SAND. (Recent Karine 

Brick fragment. 

Hard, damp, gray, clayey SILT. 
(Vashon Advance Silt) 

Bottom of Boring at 36.5 Feet. 
Completed 9/28/87. 

Well Design 
Top Casing Elevation in Faet 26.95 
Casing Stickup in Feet 1.41 

pH Sample Testing 

7.0 S-I g CA 

7.0 S-2 

*S-3 

7.0 S-4 

7.0 S-5 

7.0 S-6 

•S-7 

7.0 S-8 

C-1 
* S - 9 

7 .0 S-10 

C-2 

7.0 s - i : 

7 . 0 S-12 

7.0 S-U 

7.0 3-14 

I 

ATD 

CA 
GS 

>- CA 

CA 

NOTES: 

t. Soil descr io t ions are interpretive and ac iua l 
changes may be gradua l . 

2, Water Level is lor date i nd i ca ted and may 
vary with l ime ol year. ATO:At Time ol Dr i l l ing 

J-1824-32 October 1987 
HART-CROWSER & associates, inc. 

Figure B-17. 



Boring Log B-10 

- Geologic Log 
a t 
au. 

Ground Surface Elevation in Feet 59.5 

5-

10-

15-

20-

25-

30-

35-

40-

45-

50-> 

Loose, damp, brown, silty, gravelly S.MiD with many 
wood fragments. (Granular Fill) 

Loose to medium dense, damp to wet, gray to dark 
gray, clayey SILT to sandy GRAVEL with many wood 
fragments. (Granular Fill) 

Very stiff, damp, greenish tan to gray, sandy SILT, 
with many roots. (Alluvium) 

. Hard, damp, gray, slightly sandy to sandy SILT. 
(Vashon Advance Silt) 

Well Design 
Top Casing Elevation in Feel 
Casing Stickup in Feel 

pH Sample Testing 

CA 

CA 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

- 5 
wj 
s-3 5 

- ' } 

- ^ 

S-e 5 

w5 
S . 5 ^ 

. , } 

S-10 ^ 

s-„^ 

s . .^ 

s-nj 

S-14 ^ 

s . . ^ 

s-16 S 

. u ] 

. . ] 

. . . . I 
s-20 ^ 

I • 
I 
I • 

I 
I 
I 
I 
^ 

I 
I 
ATD 

I 
I 
I 
I 
I 
I 
i 
I 

i 

CA 

; i^ 

NOTES: 

1. Soil descr ip t ions are interpret ive and a c i u a l 
changes may be g r a d u a l . 

2. Water Leve l is lo r da te I n d i c a t e d and may 
vary with t ime ol year. ATO:Ai T ime ot D r i l l i n g 

J-1824-32 September 1987 
HART-CROWSER & associates, inc. 

Sheet 1 of 2 Figure B-18. 



Boring Log B-10 
- Geologic Log 

au. 

Zs 
5 0 -

Well Design 
Top Casing E levat ion in Faet 

Casing St ickup in Feat 

55-

60-

65-

70-

75-

80-

85-

90-

95-

100 

Hard, damp, gray, slightly sandy to sandy SILT. 

(Vashon Advance Silt) 

Bottom of Boring at 53.0 Feet. 

Completed 9/25/87. 

pH 
Sample Testing 

'S-21 

^ i 
No Well I n s t a l l d t i o n . 

NOTES: 

1. Soil descr ipt ions a ia interpretive and actua l 
ctianges may be gradua l . 

2 . Water Level is lor date i nd i ca ted and may 
vary with t ime ot year. ATO:Ai Time o l Dr i l l ing 

J-1824-32 September 1987 
HART-CROWSER & associates, inc. 
Sheet 2 of 2 Figure B-18. 



Boring Log and Construction Data for Well MW-11 
> Geologic Log 

au. 

i s 
0-

Ground Surface Elevation in Feel 150.22 

5 -

10 -

15 

20 

25-

30 

35-

40-

45-

50 

Medium dense to loose, moist, brown, slightly, 
gravelly, silty SAND with brick and wood fragments. 
(Granular Fill) 

Medium dense to dense, moist, brown, silty SAND 
with thin (1 cm) silt partings. 
(Vashon Advance Sand) 

Hard, moist, brown to gray, slightly sandy to sandy 
SILT. (Vashon Advance Silt) 

Bottom of Boring at 36.5 Feet. 
Completed 9/21/87. 

Well Design .. . 
Top Casing Elevation in Feel !l52..:04 
Casing Stickup in Feel 1.S2 

pH Sample Testing 

7.0 S-1 

7.0 S-2 

7.0 S-3 

6.5 S-4 

6.0 S-5 

7.0 S-6 

7.0 S-7 

7.0 S-8 

7.0 S-9 

7.0 S-10 

7.0 S-11 

7.0 S-12 

7.0 S-13 

7.0 S-14 

CA 

CA 

CA 

GS 

No U e l l I n s t a l l a t i o n . 

NOTES: 

1. Soil descr ip t ions ate interpret ive and a c t u a l 
changes may be g radua l . 

2. Water Leve l is lor da l e i n d i c a t e d and may 
vary wi th t ime ol year. A1D:At Time of Or i lUng 

J-1824-32 October 1987 
HART-CROWSER & associates, inc. 

Figure B-19. 



Boring Log and Construction Data for Well MW-12 
- Geologic Log 

au. 

i s Ground Sur face E leva t ion in Feet 51.02 

5-

10-

15-

20 

25-

30-

Very loose to loose, damp, brown, gravelly to 
non-gravelly SAND with bricks and wood. 
(Granular Fill) 

Soft, wet, gray, sandy SILT with decayed plant 
matter. (Granular Fill) 

35-

40 

45 

50 -" 

Very dense, wet, slightly silty, very gravelly 
SAHD. (Alluvium) 

Very stiff, gray, slightly sandy, clayey SILT with 
(Vashon Advance Silt) 

Bottom of Boring at 45.0 Feet. 
Completed 9/24/87. 

Well Design 
Top Casing E levat ion in Feat 52.53 
Cas ing St ickup in Feet 1.51 

pH 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

Samp le Tasting 

S-1 

*S-2 

S-3 

S-4 

S-5 

S-5 

S-7 

*S -8 

S-9 

S-10 

S-11 

S-12 

S-13 

S-14 

S-15 

S-16 

S-17 

S-18 

X 

E 

E 

CA 

CA 

ATD 

CA 

GS 

y.-A 

A'A 

SS5 

NOTES: 
1, Soil descr ipt ions are interpret ive and ac iua l 

changes may be gradua l , 
2. Water Leve l is lor date i n d i c a t e d and may 

vary with t ime ol year, ATO:Ai Time of Or i i l ing 

J-1824-32 September 1987 
HART-CROWSER & associates, inc. 

Figure B-20. 



Boring Log and Construction Data for Well MW-13 
- Geologic Log 
9 

au. 

Ground Surface Elevalion in Feet 97.41 

5 -

10 

15 -

2 0 -

2 5 -

30 

3 5 -

40 

45 -

Dense to very dense, damp, brown, s i l t y , s l i gh t l y 
gravelly to very gravelly SAND. (Vashon T i l l ) 

Very dense, damp, brown, s l i gh t l y s i l t y , s l i gh t l y 
gravelly to non-gravelly SAND. 
(Vashon Advance Sand) 

. Very dense, damp, gray brown, s i l t y , gravelly 
SAND. (Pre-Vashon Sand) 

Very dense, wet, gray black with reddish brown 
, J grains, non-gravelly to gravelly SAHD. 

(Vashon Advance Sand) 

Well Design 
Top Casing Elevation in Feel 98.39 
Casing Slickup in Feet 0.98 

PH 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

*S-5 

S-6 

• s - 7 

S-8 

S-9 

S-10 

S-11 

S-12 

S-13 

S-14 

S-15 

S-16 

S-17 

S-18 

S-19 

7.0 

NOTES: 

1. Soi l desc r i o l i ons a ie in ierpre l ive and a c i u a l 
changes may be g radua l . 

2 . Wa ie r Leve l is l o r da l e i n d i c a i e d and may 
vary wi th t ime ot year. ATO:Ai T ime ot D r i l l i n g 

J-1824-32 September 1987 
HART-CROWSER & associates, inc. 

Sheet l o t 2 Figure B-21. 



Boring Log and Construction Data for Well MW-13 
- Geologic Log 

au. 
Ss 
5 0 -

Well Design 
Top Casing E leva t ion in Feet 98.48 
Cas ing St ickup in Feet 0.99 

Ground Surface E leva t ion in Feet 97.49 

5 5 -

6 0 -

6 5 -

7 0 -

7 5 -

8 0 -

8 5 -

9 0 -

95 

100-

Very dense, w e t , dark gray w i t h redd ish g r a i n s , 
s l i g h t l y s i l t y , g r a v e l l y SAHD. (Pre-Vashon Sand) 

Hard , damp to w e t , gray to brown, sandy, s i l t y 
LIGNITE to o rgan ic SILT.(Pre-Vashon - L i g n i t e ) 

Very dense, damp, dark gray SAND. 
(Pre-Vashon Sand) 

Very dense, damp, gray brown, s l i g h t l y s i l t y , very 
sandy GR.WEL. (Pre-Vashon Gravel ) 

Bottom o f Bor ing a t 76.0 Feet . 
Completed 9 /23 /87 . 

pH Sample Testing 

7.0 5-21 

7.0 S 

7.0 S-23 

7.0 S-24 

7.0 S-25 

7.0 S-25 

7.0 S-27 

7.0 S-28 

7.0 S-29 

7.0 S-30 

7.0 S-31 

•-E GS 

1-2-
ATD 

GS 

CA 

NOTES: 

1. Soil descr ipt ions are interpretive and ac iua l 
changes rnsy be gradua l . 

2. Water Level is lor da le Ind i ca ted and may 
vary with time ol year. ATO-.At Time ol Or i i l ing 

J-1824-32 September 1987 
HART-CROWSER & associates, inc. 
Sheet 2 of 2 Rgure B-21. 



Boring Log and Construct ion Data for 
Monitoring Well B-14 

Q.E 
0 — 

Geologic Log 

Approx. Ground Surface 
Elevation in Feet 25.94 

Monitoring 
Well Design 
Cosing Stici<up in Teet 1.66 

Top of PVC in Feet 28.60 

Sample N 

10' 

20 — 

5 0 -

35 — 

40-

45 — 

50-J 

Very dense, moist , block, massive SLAG. 
(Slog Fill) 

Very dense, wet, black massive to 
granular SLAG. 
Oil from 13 to 2 6 - f o o t - d e p t l i . 

Medium dense to dense, wet, gray, 
medium to fine SAND with shells and 
wood chips to 2 8 - f o o t - d e p t h . Sulfurous 
('Wood Chip Fill) 

Dense, wet, gray, silty SAND with trace gravel 
and shell frogments. (Recent Marine Sand) 

Very dense, gray, slightly gravelly to 
gravelly, silty SAND with shell f ragments. 

Very stiff, moist , gray, clayey, sandy SILT 
with trace medium to coarse sand. 
(Vashon Advance Silt) 

S - 1 

S - 2 ^ 

S - 3 

S - 4 I ^ 

X 

• s - 5 

S-6 

S-7 

s - 8 

S-9 

S-10 g 

S-13 

S-14 

S-15 

S-16 

E 

X 
X 

s-11 S 50 /4" 

S-12 E 

X 

E 

Lab 

MET 

ABN 

TPH, BTEX 
27 ABN 

50/5" 

50/6" 

32 

27 

TPH, BTEX 
''^ ABN 

24 

28 TPH, ABN 

7 2 / 1 1 " 

8 

15 

P K, HYD 

pH 

7 

7 

7 

7 

7 

7 

7 h 

7 

7 

7 

14- TPH, ABN 7 

10 7 

-

-

-

; 

_ 

-

-

~ 

_ 

-

_ 

-

~ 

-

-

1 
1 
i 
A//A V/A 
/ / / / 
V/A m 
-1 
' • • ' / A . 

V// 

1 
A/A m 
m 
AAA 

1 

X X 

y/A 

1 
N 
yy/A\ 

y/A y / / / 

• y / A 

^ m 
•Zy m 
Y/A/. AAA/ 

1 
'vA 

m 
'-••'X 

i AAA 

1 

-

-

V " 
ATD 

-

-

-

-

-

_ 

-

-

-

-

-

0 

- 5 

- 10 

- 15 

- 20 

25 

30 

40 

50 

U O 
DO 

J-1824-32 9/88 

Figure B-22. 1/2 



Boring Log and Construct ion Data for 
Monitor ing Well B-14 

Monitoring 
Geologic Log Well Design 

CD 

5 0 -

55 — 

60 — 

65 — 

70-

75 — 

80 — 

85 — 

90 — 

95-

TOO—' 

Very sti f f , moist , gray, clayey, sandy 
SILT with trace medium to coarse SAND. 
(Vashon Advance Silt) 

Hard, mois t , gray, clayey SILT 

Very dense, moist , gray, clayey, very 
silty SAND. (Pre-Vashon Sand) 

Very dense, wet, gray, silty, gravelly 
SAND. 

Very dense, moist , green, silty. gravelly, 
volcanic SANO with red sand grains. 

Very dense, hard, gray—brown, sandy, 
clayey SILT with block, orgonic 
f ragments. 

Bo t tom of Boring at 74.5 Feet. 
Completed 9 / 1 2 / 8 8 . 

Sample N 

S -17 

S -18 

S-19 

S - 2 0 

S-21 

S - 2 2 

S - 2 3 

S - 2 4 

S - 2 5 

X 
X 
X 
X 
X 
X 
X 

26 

31 

41 

42 

28 

4-7 

47 

5 0 / 3 " 

5 0 / 5 " 

Lab pH 

7 

7 

7 

7.5 

7 

7 

7 

7 

M.A. y 

HYD 

i 
4 

P 
X 1 pi 

' ^ : ' • • • / > : 

XXx.-:vC^ 

50 

55 

50 

55 

70 

75 

80 

- 85 

- 95 

100 

1. Refer to Figure 8 -1 for explanation of descriptions 
and symbols. 

2. Soil descr ipt ions and s t ra tum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for dote specified. Level may vary with t ime. 

4. Odex dril l ing to 10 feet. 
5. 3 inch split spoon sampler with 300 lb. hammer. 

oo 
GMmnmYMM 
J-1824-32 

Figure B-22. 

9/88 
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Boring Log B-15 

Geologic Log 

g-"*" Approx. Ground Surfoce 
Q .E Elevation in Feet 25.3 
0-

10 — 

15-

20-

25-

30-

35 — 

4 0 - J 

45 — 

5 0 ^ 

Very dense, damp, dork groy, massive 
(Slag Fill) 

Loose, wet, brown WOOD CHIPS. 
-| (Wood Chip Fill) 

Medium dense to dense, wet, gray, 
medium to fine SAND with shell and 
wood fragments. (Recent Marine Sand) 

Medium dense to dense, wet, gray, 
slightly gravelly, very silty SAND. 

\/ery stiff to hord, moist , groy, cloyey 
SILT. (Vashon Advance Silt) 

Somple N Lob pH 

S-1 

S - 2 S 

S - 3 

S - 4 

S - 5 

S - 5 

S - 7 

S - 8 

S - 9 

S - 1 0 

S-11 

5 - 1 2 

S - 1 3 

S - 1 4 

3 
E 
E 
E 
E 
E 
E 

E 

E 

MET 7 
ABN 

MET 
5 0 / 3 " ABN 

13 

22 

33 

22 

10 

14 

P 

11 

E ' o 
E ' 3 

11 

MET 

MET 7 

7 

7 

7 

7 

7 

7 

7 

7 

0 

10 

15 

20 

25-

30 

- 3 5 

- 4 0 

45 

50 

OO 

[XMmmQ)YmM 
J-1824-32 

Figure B-23. 
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Boring Log B-15 

Geologic Log 

J Z <u 
._ 1) 

•" < -

50 

55 — 

50 

65 — 

70 

75 — 

80 — 

85 — 

90' 

95 

100—J 

Vrey st i f f to hard, moist , gray, clayey SILT. 
(Vashon Advance Silt) 

Bo t tom of Boring at 92.0 Feet. 
Completed 9 / 1 4 / 8 8 . 

Sam 

S-15 

S-16 

S-17 

S-18 

S-19 

S - 2 0 

S-21 

S - 2 2 

S - 2 3 

S - 2 4 

S - 2 5 

S - 2 6 

S - 2 7 

S - 2 8 

S - 2 9 

S - 3 0 

S-31 

pie N Lob pH 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

MET 

3 

4 

1 

3 

2 

I 

1 

2 

2 

7 

6 

9 

21 

18 

21 

24 

7 

8 

7.5 

7 

7.5 

7.5 

7.5 

7.5 

7.5 

7.5 

7.5 

7.5 

7 

7 

7 

7 

7 

No well installed. 

50 

55 

50 

55 

70 

75 

-80 

85 

90 

95 

-"100 

1. Refer to Figure B-1 for explanation of descriptions 
and symbols. 

2. Soil descript ions and s t ra tum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for date specified. Level may vary with t ime. 

4. Odex drilling to 10 feet. 
5. 3 inch split spoon sampler with 300 lb. hammer. 

OO 

mmmmYMm 
J-1824-32 

Rgure B-23. 
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Boring Log and Construct ion Data for 
Monitoring Well B-16 

Moni to r ing 
Geologic Log Well Design 

^ ^ Approx. Ground Surface 
O . S Elevation in Feet 25.25 
0-

5 -

10-

15 — 

20 — 

25-

30-

35-

4 0 -

45 — 

50' 

Very dense, damp, dork gray, massive 
(Slog Fill) 

Medium dense, wet, dork gray, granular 
SLAG. 

Medium dense, wet, gray, slightly silty, 
medium to fine SAND. 
(Recent Morine Sand) 

Hord, moist, gray, clayey SILT. 
(Vashon Advance Silt) 

Bot tom of Boring ot 38.0 Feet. 
Completed 9 / 9 / 8 8 . 

Sample N 

S-1 

S - 2 

S - 3 

S - 4 

S - 5 

S - 6 

S - 7 

S - 8 

E 

E 

E 
E 
E 
E 

Casing Stickup in Feet 1,51 

Top of PVC in Feet 27.75 

Lob pH 

MET 7 
ABN 

5 0 / 2 " 

10 

31 

MET 
16 

20 

9 

14 

ABN 

MET 
ABN 

MA 
HYD 

7 

7 

7 

7 

MET 

K, HYD 

0 

10 

15 

20 

25 

30 

35 

40 

45 

50 

1. Refer to Figure B-1 for explanation of descriptions 
and symbols, 

2. Soil descriptions and s t ra tum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for dote specified. Level may vary with t ime. 

4. Odex drilling to 7 feet. 
5. 3 inch split spoon with 140 lb. hammer. 

CJO 

oo 

J-1824-32 

Figure B-24. 
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Boring Log and Construct ion Data for 
Monitor ing Well B-17 

Monitoring 
Geologic Log Well Design 

r- 0) 
Z Z <U 

Q . 5 

Cosing Stickup in Feet 1.62 

Top of PVC in Feet 153.43 
Approx. Ground Surface 
Elevotion in Feet 151.81 

5 — 

10 

15 

20 — 

25 

30 — 

35 — 

40 ' 

45 

5 0 - ^ 

Medium dense, damp, brown, slightly 
silty, sondy GRAVEL, (Gronulor Fill) | 

Medium dense, damp, gray—brown, si l ty 
to very silty, fine SAND. 
(Vashon Advance Sand) 

Very st i f f to hard, moist , gray, clayey 
SiLt. (Vashon Advance Silt) 

— Slightly sandy SILT. 

Sample N 

S-1 

S - 2 

S - 3 

S - 4 

S - 5 

S - 6 

S - 7 

E 
E 
E 
E^ 
E 
E 

s-8 Z 

E 
E 

s-9 Z 

S-10 ^ 

s-n 

S-12 

s-13 

S-14 

S-15 

S-16 

S-17 

S-18 

S-19 

S-20 Z 

X 
E 
E 
E 
E 
E 

17 

20 

24 

3 

2 

1 

4 

4 

3 

3 

22 

6 

1 

1 

I 

1 

2 

4 

Lab 

MET 
ABN 

MA 
HYD 

MET 

HYD 

HYD 

MET 

pH 

7 

7 

6 

6 

6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

10 

15 

20 

25 

30 

35 

40 

45 

50 

O O 
OO 

GMmnmi 
J-1824-32 

Figure B-25. 
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Boring Log and Construction Data for 
Monitoring Well B-17 

Monitoring 
Geologic Log Well Design 

£1 <U 

— a; 

o .£ 
50 — 

55 — 

BO-

65 — 

70-

75 — 

SO-

85-

90 

95 — 

100—' 

Hard, moist, gray, cloyey SILT. 
(Vashon Advance Silt) 

Dense, wet. gray, silty SAND to very 
sandy SILT. (Vashon Advonce Sand) 

Hard, moist, gray, slightly sandy SILT. 
(Vashon Advonce Silt) 

Bot tom of Boring ot 68.0 Feet, 

Completed 8 / 2 6 / 8 8 . 

Somple N Lab pH 

S-21 

S-22 

S-23 

S-24 

S-25 

S-26 

S-27 

X 
X 
X 
X 
X 

X 
E 

8 

20 

11 

21 7 

24 MET 7 

28 7 

17 HYD 7 

P 

1 1 
X i 

^p 

V ATD 

50^ 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

1. Refer to Figure B-1 for explanation of descriptions 
ond symbols. 

2. Soil descriptions and s t ra tum lines ore interpretive 
ond octual changes moy be grodual. 

3. Ground water level, if indicated, is ot t ime of drilling 
(ATD) or for dote specified. Level may vary with t ime. 

4. 2 inch split spoon sampler with 300 lb. hommer. 

LfU 
OO 
[XMmnm 
J-1824-32 

Figure B-25. 
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Boring Log and Construct ion Data for 
Moni tor ing Well B-18 

Geologic Log 

^ OJ 

' ^ r-

Monitor ing 
Well Design 
Casing Stickup in Feet 1.69 

Top of PVC in Feet 153.21 
Approx. Ground Surface 
Elevation in Feet 151.52 

10 — 

15-

20 — 

25-

30-

35-

40-

45-

50-

55 — 

Loose, damp, brown, silty, gravelly, 
SAND with brick and wood fragments. 
(Granular Fill) 

Medium dense, moist, brown, sandy SILT. 
(Vashon Advance Sand) 

Dense, moist, brown, gravelly, silty 
SAND. 

Stiff to very stiff, moist, gray, slightly 
clayey SILT. (Vashon Advance Silt) 

Sond stringers. 

Sand stringers. 

Very stiff, moist, gray, slighlty sandy 
SILT. 

Dense, wet, gray, very silty. fine SAND. 
(Vashon Advance Sand) 
Hard. wet. gray, very sandy SILT. 
(Voshon Advance Silt) 

Dense, wet, gray, silty to very silty, fine 
SANO. (Vashon Advance Sand) 

Medium stiff to stiff, moist, gray, 
slighlty sandy to sandy SILT, 
(Vashon Advance Silt) 

Sample N 

S-1 

S - 2 E 

S-3 X 

S - 4 

S - 5 

S - 6 

S - 7 

S - 8 

S -9 

S-10 

S-11 

S-12 

S-13 

S-14 

S-15 

S-16 

S-17 

S-18 

S-19 

S - 2 0 

S-21 

S - 2 2 

S - 2 3 

E 
E 

E 
E 
E 
E 
E 
E 
E 

14 

7 

39 

10 

P 

12 

12 

19 

15 

19 

24 

22 

E ^ o 

E -
E 2 3 

E 0̂ 

E 2 

E 33 

E " 
E 2 6 

E -
s p 

MET 
ABN 

K, HYD 

MET 

MET 

MA 

Bottom of Boring at 56.5 Feet. 
Completed 8 / 2 4 / 8 8 . 

1. Refer to Figure B-1 for explanation of descriptions and symbols. 
2. Soil descriptions and stratum lines are interpretive 

and actual changes may be qraduai. 
3. Ground water level, if indicated, is at time of drilling 

(ATD) or for date specified. Level may vary with time. 
4. Soil samples taken with SPT to 40 feet. 2 inch split 

spoon sampler with 300 lb. hammer from 40 to 
56.5 feet. 

Lab pH 

IE. © 

7 

7 

7 

7 

(g) 
7 

7 

7 

7 

7 

7 

7 

(? 
7 

O O 
OO 

10 

15 

20 

25 

30 

35 

40 

45 

- 5 0 

55 

J-1824-32 

Figure B-26. 
8/88 



Boring Log and Construction Data for 
Monitoring Well B-19 

Moni to r ing 
Geologic Log Well Design 

^ 0) 

0 — 

Casing Stickup in Feet 1.66 

Top of PVC in Feet 145,10 
Approx. Ground Surface 
Elevation in Feet 144.44 

10-

15 — 

20 — 

25-

30 — 

35 — 

40-

45-

50-J 

Medium dense, moist , brown, silty, 
grovelly SAND. (Granular Fill) 

Medium dense, moist , brown, si l ty SAND. 

Medium den.SiS- to loose, wet, brown, 
slightly silty SAND. 
(Voshon Advance Outwash) 

Very stiff to hard, wet, gray, fine sandy 
SILT. (Vashon Advance Silt) 

Soft, wet, gray, slightly sandy SILT. 

Grodes to very dense, wet, gray, silty. 
fine SAND. (Vashon Advance Sand 2) 

Very dense, wet, groy, sandy SILT. 

(Vashon Advance Silt) 

Hord, moist, gray SILT. 

Bot tom of Boring at 41.0 Feet. 
Completed 8 / 2 5 / 8 8 . 

Sample N 

S-1 

E 
E 
E 
E 
E 
E 
E 

3 - 2 ^ 

S - 3 

S - 4 

S - 5 

S - 6 

S - 7 

S - 8 

S - 9 

S -10 

S-11 

S-12 

S -13 

S -14 

S - 1 5 

S-15 

S -17 

E 
E 

s 

Lob pH 

7 

13 

14 

14 

12 

7 

9 

14 

14 

13 

17 

MET 
ABN 

MA 

MET 

E 2 5 MA 

E 1̂-5 

7 

7 

7 

7 

6 

5 

7 

8 

7 

7 

7 

7 

7 E " 
E 24 MET 7 

E 
P 7 

10 

15 

20 

25 

30 

35 

40 

45 

-̂  50 

1. Refer to Figure B-1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and s t ra tum lines are interpretive 
and actual changes moy be gradual. 

3. Ground water level, if indicoted, is at t ime of drilling 
(ATD) or for dote specified. Level may vary with t ime. 

4. 2 inch split spoon samples with 300 lb. hammer. 

O O 

J-1824-32 

Figure B-27. 
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Boring Log and Construct ion Data for 
Monitor ing Well B-20 

Monitoring 
Well Design Geologic Log 

J Z <^ 

^ ' *~ Approx. Ground Surface 
Q .E Elevation in Feet 144.80 

Casing Stickup in Feet 1.84 

Top of PVC in Feet 146.54 

0-
Sample N 

5 — 

10 

15 — 

20 — 

"75 

30 

35 — 

40 — 

45 — 

5 0 - J 

Refer to Log B -19 for soil descript ions. K*A 

\ 

< A 

I 
10 

15 

20 

- 25 

- 30 

- 35 

40 

45 

50 

1. Refer to Figure B-1 for explanation of descriptions 
and symbols. 

2: Soi l 'descr ipt ions and s t ra tum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for dote specif ied. Level may vary with t ime. 

O O 

oo 

J-1824-32 

Rgure B-28. 
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Boring Log and Construct ion Data for 
Monitoring Well B-21 

Monitoring 
Geologic Log Well Design 

Cosing Stickup in Feet 1,55 

Top of PVC in Feet 153,14 
^ ' ^ Approx. Ground Surface 

Q . E Elevation in Feet 151.59 
0-

Sample N 

5 — 

10-

15-

20-

25-

30 — 

35 

40-

45 — 

50-

Refer to Log B -18 for soil descript ions. A \ / ' 

XX 

10 

15 

20 

25 

30 

35 

40 

45 

50 

1. Refer to Figure B-1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and s t ra tum lines ore interpretive 
ond actual changes may be gradual. 

3. Ground woter level, if indicated, is ot t ime of drilling 
(ATD) or for dote specified. Level may vary with t ime. 

O U 
OO 

J-1824-32 

Figure B-29. 

8/88 



Boring Log and Construct ion Data for 
Monitor ing Well B-22 

Moni tor ing 
Geologic Log Well Design 

JZ 1^ 

Casing Stickup in Feet 2.01 

Top of PVC in Feet 153.67 
^ ' ^ Approx. Ground Surface 
Q . E Elevation in Feet 151.56 
0-

Sample N 

5 — 

10-

15 

20 — 

25 — 

30 — 

35 — 

40-

45 

5 0 ^ 

Refer to Log B -17 for soil descript ions. X 
AAA/ 

m 

10 

15 

20 

25 

30 

35 

40 

45 

50 

1. Refer to Figure B-1 for explonotion of descriptions 
and symbols. 

2. Soil descr ipt ions and s t ra tum lines are interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for date specified. Level may vary with t ime. 

O O 

DO 

J-1824-32 

Rgure B-30. 
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Boring Log B-23 

Geologic Log 

^ " ^ Approx. Ground Surface 
Q . - Elevation in Feet 51.11 
0-

10 — 

1 5 -

20-

30 — 

35 — 

40 — 

4 5 -

5 0 ^ 

Stiff, moist, brown, cloyey SILT. 
(Granular Fill) 

Dense, moist , brown, silty, very gravelly 
SAND. 

Stiff to very stiff, moist , g reen-brown, 
clayey SILT. (Vashon Advonce Silt) 

Stiff to very stiff, moist , gray, clayey 
SILT. 

Bot tom of Boring at 24.0 Feet. 
Completed 8 / 3 1 / 8 8 . 

Sample N 

S-1 

5-2 E 

S - 3 E 

s - E 
s-sE 
s-eE 
S-7E 

S-eE 
S - 9 E 

s - i o E 

Lob pH 
MET 
ABN 

MET 
ABN 

6 

6 

26 

7 

6 

8 

5 

8 

10 ABN 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

No well instal led. 

n 0 

10 

15 

20 

25 

30 

35 

40 

45 

^ 50 

1. Refer to Figure B-1 for explonotion of descriptions 
and symbols. 

2. Soil descriptions and s t ra tum lines are interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for dote specified. Level may vary with t ime. 

4. 2 inch split spoon sampler with 300 lb. hammer. 

DO 
DO 
mmmmmmm 
J-1824-32 8/88 

Figure B-31. 



Boring Log and Construct ion Data for 
Monitor ing Well B-23A 

Moni tor ing 
Geologic Log Well Design 

JZ 1^ 

^ cu 
^ " ^ Approx. Ground Surface 
Q . E Elevation in Feet 51.11 

0-

Casing Stickup in Fee 

Top of PVC in Feet 
t 2.19 
53.30 

Sample N Lob 

5 — 

10 — 

15-

20 — 

15 — 

30-

35 — 

40-

45 — 

SO—" 

Drilled unsompled to 1 5 - f o o t - d e p t h . 
Refer to Log B - 2 3 for soil 
descr ipt ion. 

Stiff, mois t , green—brown, c\ayey SILT. 
(Vashon Advance Silt) 

Bo t tom of Boring at 19.0 Feet. 
Completed 9 / 1 / 8 8 . 

S -1 

s-2 \ K, HYD 

X i 
YQ 

% 

^ \ ^ ^ ^ \ $ $ 

10 

15 

20 

25 

30 

- 35 

40 

45 

50 

1. Refer to Figure B-1 for explanation of descript ions 
and symbols. 

2. Soil descr ipt ions and s t ra tum lines ar& interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for date specif ied. Level may vary with t ime. 

4. 2 inch split spoon sampler with 300 lb. hammer. 

OO 
D O 

J-1824-32 

Figure B-32. 
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Boring Log B-24 

Geologic Log 

J Z <!> 
^ OJ 

g-"*" Approx. Ground Surface 
Q . E Elevotion in Feet 48.1 
0-

Sample N Lab pH 

10 — 

20-

25-

3 0 -

3 5 -

40-

45 — 

5 0 - J 

CONCRETE. 

Very stif f to hard, moist, g reen-qroy , 
cloyey SILT, (Voshon Advonce Silt) 

Very stiff to hard, moist, gray, clayey 
SILT with sand stringers. 

Bot tom of Boring at 17.5 Feet. 
Completed 9 / 1 6 / 8 8 . 

S - 1 

s-2 

S-3 

S-4 

S-5 

S-6 

X 
X 

E 
E 
\ 

9 

7 

8 

13 

10 

ABN (5 .9) 

8 

7.5 

7.5 

( ^ 

MET 

No well instol led. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

1. Refer to Figure B-1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and s t ra tum lines are interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for dote specified. Level may vary with t ime, 

4. 2 inch split spoon with 300 lb. hammer. 

O O 
DO 

J -1824-32 

Figure B-33. 
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Boring Log for B-25 and Construction Data for 
Monitor ing WeU B-25A 

Moni tor ing 
Geologic Log Well Design 

r- CD 
^ (U 
Q-~*-
' ^ r-Q . E 

Approx. Ground Surface 
Elevation in Feet 57.25 (a t B - 2 5 A ) 

5 — 

10 — 

15-

20 

25 

30 — 

35 — 

40 — 

45 

50 

Medium dense, dork brown, slightly 
silty. sandy GRAVEL. (Granular Fill) 

Loose, wet, gray, gravelly, very silty 
Sand to sandy SILT. (FILL) 

Soft to stiff, wet, gray SILT with 

Brick f ragments. 

Stiff, wet, g ray -g reen , slightly sandy 
SILT with r o o t / w o o d f ragments. 
(Al luvium) 

Hard, mois t , gray, clayey SILT. 
(Voshon Advonce Silt) 

Very dense, wet, silty, gravelly SAND. 
(Pre-Vashon Gravel) 

Bo t tom of Boring at 38.1 Feet. 
Completed 8 / 3 0 / 8 8 . 

Note; No well installed in boring B—25. 
Borehole grouted to surface. 
Boring B - 2 5 A drilled unsompled to 
22.5 feet adjacent to B - 2 5 to 
install well B - 2 5 A . 

Sample N 

S-1 

Casing Stickup 

Top of PVC in 

Lab pH 

in Feet 2.52 

Feet 59.77 

S - 2 

S - 3 

S - 4 

E 
E 
E 

s -sE 
s-6 z 

S - 7 E 

S - 8 ^ 

S - 9 E 
S-10 

S-11 

S-12 

S -13 

S -14 

S -15 

S-16 

E 
E 
E 
E 
E 
s 
: s 

MET 
ABN 

MET 
ABN 

12 

4 

5 

2 

2 

2 

3 

3 

4 

5 

4 

66 

42 MET 

5 0 / 3 " 

5 0 / 7 " 

MA 
HYD 

MET 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

B-25A 

^n 

-17 : 
ATD -

10 

15 

20 

25 

30 

35 

- 40 

45 

50 

1. Refer to Figure B-1 for explanation of descriptions 
and symbols. 

2." Soil descript ions and s t ra tum lines are interpretive 
and actual changes moy be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for dote specified. Level may vary with t ime. 

4. 2 inch split spoon sampler with 300 lb. hammer. 

O O 

oo 

J-1824-32 

Rgure B-34. 
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Boring Log and Construct ion Data for 
Monitoring Well B-26 

Mon i to r i ng 
Geologic Log Well Design 

JZ 1) 

^ Approx. Ground Surface 
Q . E Elevation in Feet 92.90 

0-
Sample N 

5 — 

10 — 

15-

20 

25-

50-

35-

40 

45 — 

50-

Drilled unsompled to 30—foot—depth. 
Refer to Log B - 2 9 for soil descript ions. 

Very dense, very silty, sandy GRAVEL. 
(Pre-Vashon Sand) 

Very stiff, moist , gray—brown, clayey, 
sandy SILT. 

Stringer of gravelly, medium coarse SAND. 

Wood/Peat f ragments. (Pre-Vashon Lignite) 

Bot tom of Boring at 43,5 Feet. 
Completed 8 / 1 9 / 8 8 . 

' S - 1 

s-2 

S-3 

S-4 

S-5 

S-6 

X 

X 
X 

Casing Stickup in Feet 1.97 

Top of PVC in Feet 94,87 

Lob pH 

5 0 / 1 " 

5 0 / 2 " 

6 0 / 2 " MA 6 

24 MET (5J ) 

50 6 

5 0 / 5 " MET ( f j ) 

0. 

10 

15 

20 

25 

30 

- 35 

40 

45 

-• 50 

1. Refer to Figure B-1 for explanation of descriptions 
ond symbols. 

2. Soil descriptions and s t ra tum lines are interpretive 
ond octual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for date specified. Level may vary with t ime. 

L J O 

DO 

J-1824-32 

Figure B-35. 

8/88 



Boring Log and Construct ion Data for 
Monitor ing Well B-27 

Monitoring 
Geologic Log Weil Design 

JZ <u 
- ^ (U 

• " r -Q . E 

0 — 

Approx. Ground Surfoce 
Elevation in Feet 77.22 

5 — 

10-

15 — 

20 — 

25 — 

30-

35-

4 0 — . 

45-

5 0 ^ 

Medium dense, moist , sl ightly gravelly, 
si l ty SAND, (Granular Fill) 

Dense, mois t , gray to brown, silty, 
gravelly SAND. (Voshon Till) 

1 foot lens of green —brown, slightly 
sandy SILT. 

Very dense, brown, slightly silty, 
medium to fine SAND. 
(Vashon Advance Sand) 

Very dense, gray brown, gravelly, si l ty 
SAND. (P re -Vashon Sand) 

Casing Stickup in Feet 1.28 

Top of PVC in Feet 78.50 

Very dense, mois t , brown, silty, sandy 
GRAVEL. 

No sample recovery. 

Medium dense, wet, brown, slighlty 
silty, fine SAND. 

Sample N 

S-1 

S - 2 E 
S - 3 E 

s - E 
s-5 IE 
s-6 E 
S - 7 

S - 8 

S - 9 

S -10 

S-11 

E 
E 
E 
s 

s-

s-

s-

s-

s-

— s-

s-

• s -

12 

13 

14 

15 

16 

17 

18 

19 

S - 2 0 

E 
E 
E 
E 

Lab 

MET 
ABN 

MET 
ABN 

13 

39 

33 

24 

52 

91 

57 

46 

5 0 / 4 " 

52 

54 MET 

40 

80 

S | 50/3" 

1 0 0 / 5 " 

1 0 0 / 5 " 

1 0 0 / 4 " 

1 0 0 / 2 " 

5 0 / 4 " 

MA 
HYD 

pH 

© 
5 

5 

@ 

5.5 

5.5 

5.5 

5.5 

5.5 

5 

6 

@ 

5.5 

5 

5.5 

5.5 

5.5 

6.5 

6.5 

10 

15 

20 

25 

30 

35 

40 

45 

^50 

OfO 
DO 

mmmmmmm 
J-1824-32 

Rgure B-36. 

8/88 
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Boring Log and Construction Data for 
Monitoring Well B-27 

Monitoring 
Geologic Log Well Design 

SZ 0) 
._- OJ 

Q.E 
50 — 

55-

6 0 -

65-

70-

75 — 

80-

85-

90 — 

9 5 -

100—' 

Medium dense, wet, brown, slightly 
silty, fine SAND. (Pre—Voshon Sond) 

Very dense, wet, brown to groy, slightly 
silty, sandy GRAVEL to very gravelly 
SAND. (Pre-Voshon Gravel) 

Bottom of Boring at 70.0 Feet. 
Completed 8 /23 /88 , 

Sample 

S-2.K 
S-22 | S 

S-23 

S-24 

S-25 

S-25 

S-27 

S-28 

N Lob pH 

22 6.5 

50/4" MET (5^ 

50/5" 6.5 

50/2" 6.5 

50/3" 

MA 

50/4" HYD 6 

50/5" MET 6 

50/4" 6.5 ^ ^ X ^ ^ 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

1. Refer to Figure B-1 for explonotion of descriptions 
and symbols. 

2. Soil descriptions and stratijm"lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATD) or for dote specified. Level may vary with time. 

4. 2 inch split spoon sampler with 300 lb. hammer. 

oo 
[JMmnm 
J-1824-32 

Rgure B-36. 

'mm 
8/88 
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Boring Log and Construction Data for 
Monitoring Well B-28 

JZ iJ 

. ^ (U 

Q . E 

0 — 

Geologic Log 

Approx. Ground Surface 
Elevation in Feet 97.58 

1 0 -

1 5 -

20 — 

25 — 

30 — 

3 5 -

4 0 -

45-

Loose. moist , brown, si l ty SAND. (FILL) 

Hard, moist , green—gray, SILT. 
(Granular Fill) 

Very dense, moist , brown, silty, gravelly 
SAND. (Vashon Recessional) , 

Hard, moist , b rown-green to gray SILT. 
(Vashon Recessional Outwash) 

Very dense, moist , gray—brown, silty, 
gravelly SAND. (Vashon Till) 

Very dense, moist , gray to brown, 
gravelly SANO. (Vashon Advonce Sand) 

Grades to very dense, moist , gray 
brown, silty. very gravelly SAND. 

Bot tom of Boring at 30.5 Feet. 
Completed 8 / 1 9 / 8 8 . 

50 _ ! 

Sample N 

S-1 

S - 2 E 
S - 3 g | 

S-4 E 
S - 5 

S - 6 

S - 7 

S - 8 

• S - 9 

.S -10 

S-11 

S-12 

S -13 

E 
s 
s 

s 

Moni tor ing 
Well Design 
Cosing Stickup in Feet 

Top of PVC in Feet 99 

Lob pH 

MET ( 6 ^ U 

1.93 

51 

5.5 

6.5 

6.5 

MET (5~ 

16 

86 

36 

32 

39 

5 8 / 5 " MET ( Q ) 

5 0 / 5 " 6.5 

5 0 / 5 " 6 

5 0 / 1 " 

5 0 / 1 " 

5 0 / 4 " MET (Xs ) 

5 0 / 4 " MET ( O ) 

MA 
5 0 / 5 " HYD 6 

10 

15 

20 

25 

30 

35 

- 40 

45 

^ 50 

1. Refer to Figure B-1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and s t ra tum lines are interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for dote specified. Level may vary with .time. 

O O 

DO 

J-1824-32 

Rgure B-37. 
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Boring Log and Construction Data for 
Monitoring Well B-29 

Geologic Log 

s: i> 

'^ r-Q . E 

0 — 

Approx. Ground Surface 
Elevation in Feet 92.74 

5 — 

Medium dense, damp, brown, slightly 
gravelly, sondy SILT. 

10 — 

15-

20 — 

2 5 -

30-

35 — 

40 — 

45-

50-J 

Medium dense, domp, brown, silty, 
gravelly SAND. (Granular Fill) 

Medium dense, moist , green—brown, silty, 
fine SAND. 
(Voshon Recessional) 

Very dense, moist , groy, gravelly, 
silty SAND. (Vashon Till) 

Dense, wet, g roy -b rown, silty, grovelly 
SAND. (Vashon Advance Sond) 

Bot tom of Boring at 31,5 Feet. 
Completed 8 / 1 8 / 8 8 . 

Monitoring 
Well Design 
Cosing Stickup in Feet 1.75 

Top of PVC in Feet 94.49 

Sample N 

S-1 

S - 2 

• S - 3 

S - 4 

S - 5 

S - 6 

E^e 

E 
E 
E^ 
E^^ 

s-^E 
S-8 S 

S S-9 

S-10 p 

s - i i E 

s-12 E 

S - . 3 E 

Lob 

MET 

42 

14 

!1 MET 

67 MET 

5 0 / 3 " 

9 0 / 1 1 " 

5 0 / 6 " 

24 

30 

53 MET 

MA 
HYD 

pH 

6 
5.5 

© 
5.5 

6 

6 

5 

6 

(To) W 

^Ife 0 

10 

15 

20 

25 

- 30 

- 35 

- 40 

45 

-150 

1. Refer to Figure B-1 for explanation of descriptions 
and symbols. 

2. Soil descriptions ond s t ro tum lines ore interpretive 
and actual changes may be grodual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for dote specified. Level may very with t ime. 

0 0 
DO 

J-1824-32 

Figure B-38. 

8/88 



Boring Log and Construction Data for 
Monitoring Well B-30 

Moni to r ing 
Geologic Log Well Design 

g-"^ Approx. Ground Surface 
Q . E Elevotion in Feet 77.55 
0-

Cosing Stickup in Feet 1.75 

Top of PVC in Feet 79.30 

Sample N 

10 — 

15 — 

2 0 -

25 — 

30 — 

3 5 -

40-

4 5 -

5 0 ^ 

Refer to Log 8 - 2 7 for soil descriptions. 

ZZ 

10 

15 

20 

25 

30 

35 

40 

- 45 

^ 5 0 

Refer to Figure B-1 for explanation of descriptions 
and symbols. 
Soil descriptions and s t ra tum lines are interpretive 
and actual changes may be gradual. 
Ground water level, if indicoted, is ot t ime of drilling 
(ATD) or for date specified. Level may vary with t ime. 

DO 

J-1824-32 

Rgure B-39. 

8/88 



Boring Log and Construct ion Data for 
Monitoring Well B-31 

Geologic Log 

CL' 
(U 

Q 

0 

0) 

Approx. Ground Surface 
E Elevation in Feet 99.37 

10 — 

20 — 

25-

30 

35 — 

40-

45-

5 0 ^ 

Medium dense, damp, g roy-brown, silty, sondy 
^GRAVEL with brick and slog. (Gronulor Fill) 

Soft, moist , g reen-brown, slightly 
sondy, cloyey SILT. (FILL) 

Loose, wet, mot t led g roy-brown, slighlty 
sandy, clayey SILT. 
(Voshon Advance Silt) 

Very stiff to hord, moist , gray, clayey 
SILT. 

Very dense, wet, gr<iy, very sondy SILT 
to very silty SAND. 
(Voshon Advance Sond 3) 

Very stiff to hard, moist , gray, clayey 
SILT. 

Bot tom of Boring at 30.5 Feet. 
Completed 8 / 2 9 / 8 8 . 

Somple 

S -1 

S - 2 E 

S - 3 E 

S - 4 E 

S - 5 E 

S-eE 
S-7 
S-8 

s-9 I 
S-10 X 

s-i.S 
s-12 

s-13 

E 

Monitoring 
Well Design 
Cosing Stickup in Feet 2.31 

Top of PVC in Feet 101.68 

N 

5 

4 

6 

13 

9 

P 

21 

16 

19 

19 

17 

Lab 

MET 
ABN 

MA 
HYD 

MET 

HYD 

MA 
HYD 

MET 

pH 

7 

7 

7 

7 

7 

7 

7 
7 

7 

7 

7 

7 

HYD 

ro 

15 

20 

25 

30 

35 

- 40 

45 

J 50 

1. Refer to Figure B-1 for explonotion of descriptions 
and symbols. 

2. Soil descriptions ond s t ra tum lines ore interpretive 
and actual changes may be groduol. 

3. Ground woter level, if indicated, is at t ime of drilling 
(ATD) or for dote specified. Level moy vary with t ime. 

4. 2 inch split sompler with 300 lb. hommer. 

O O 
DO 

J-1824-34 8/88 

Figure B-40. 



Boring Log and Construct ion Data for 
Monitoring Well B-32 

Geologic Log 

J Z <i> 
. _ (L> 

^ " ^ Approx. Ground Surface 
Q . E Elevation in Feet 99.23 

Moni tor ing 
Well Design 
Cosing Stickup in Feet 2.39 

Top of PVC in Feet 101.52 

Sample N 

10 — 

15 — 

20 — 

25 — 

30 — 

35-

40 — 

45-

5 0 - J 

Refer to Log B -31 for soil descript ions. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

1. Refer to Figure B-1 for explonotion of descript ions 
and symbols. 

2. Soil descr ipt ions and s t ra tum lines are interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is ot t ime of drilling 
(ATD) or for dote specified. Level moy vary with t ime. 

O O 

DO 

J-1824-32 

Rgure B-41. 
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Boring Log and Construct ion Data for 
Monitoring Well B-33 

Geologic Log 

JZ â  

^ " ^ Approx. Ground Surfoce 
O . E Elevation in Feet 25.20 

Monitoring 
Well Design 
Cosing Stickup in Feet 1.26 

Top of PVC in Feet 27.45 

u 

Î  
5 -

1 0 -

1 5 -

.^u 

2 5 -

3 0 -

3 5 -

4 0 -

— 1 

4b — 

sn — 

Very dense, damp to wet. gray to block. 
mossive fractured SLAG. (Slog Fill) 

Very dense, wet, black, coarse SAND. 

(Slog Fill) 

Very dense, wet, black SAND with 
hydrogen sulfide—like odor ond slog 
mixed with sand. 

Bot tom of Boring at 44.5 Feet. 
Completed 9 / 8 / 8 8 . 

Sample N Lob pH 

S-1 

S - 2 

S - 3 

S - 4 

S - 5 

S - 6 

S - 7 

S - 8 

S - 9 

S - 1 0 

S-11 

S -12 

S -13 

S -14 

S - 1 5 

E 
K& 
E 
E 
E 

E 
s 

s 
E 

7 

50 

A62 
B 

12 

38 

55 

5 0 / 5 " 

5 0 / 5 " 

51 — 

5 0 / 5 " -

5 0 / 5 " 

TPH 
ABN 

TPH 
BTEX 
ABN 

TPH 
BTEX 
ABN 
PCB 

7 

7 

7 

7 

7 

7 

7 

7 

7 

5 0 / 2 " 

5 0 / 2 " 

5 0 / 6 " 

31 
TPH 
ABN 7 

m ̂  

10 

Is/ 
ATD _ 

- 15 

\\\\X\X\\^ 

- 0 - -

20 

25 

30 

35 

40 

45 

50 

1. Refer to Figure B-1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and s t ra tum lines are inierprel ive 
and actual changes may be grodual. 

3. Ground water level, if indicated, is ot t ime of drilling 
(ATD) or for dote specified. Level moy vary with t ime. 

O O 
DO 

J-1824-32 9/88 

Figure B-42. 



Boring Log and Construct ion Data for 
Monitor ing Well B-34 

Monitoring 
Geologic Log Well Design 

J Z <^ 

^ cu 
Q-"^ Approx. Ground Surface 
Q . E Elevation in Feet 26.93 
0-

10 — 

5 — 

20 — 

30 

35-

40-

45-

50-

Very dense, damp to wet, brown to black, 
massive broken SLAG. (Slag Fill) 

Bo t tom of Boring at 29.5 Feet. 
Completed 9 / 1 5 / 8 8 . 

Casing Stickup in Feet 2.01 
Top of PVC in Feet 28.94 

Sample N Lab 

S-1 

S - 2 

S - 3 

S - 4 

S - 5 

S - 6 

E 

E 

E 
E 

pH 

MET 
8 8 / 1 0 " ™ 7 

5 0 / 3 " 

71 

45 

38 

TPH 
ABN 

MET 
TPH 
ABN 

6 

e 

<K 

i 
<'r 
X i 

, \ \ \ \ \ \ \ \ \ ^ 

LV 
ATD 

10 

15 

20 

25 

30 

35 

40 

45 

^ 50 

1. Refer to Figure B-1 for explanation of descriptions 
and symbols. 

2. Soil descript ions and s t ra tum lines ore interpretive 
ond actual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for date specified. Level may vary with t ime. 

4. Odex drilling to 7 feet. 
5. 3 inch split spoon sampler with 300 lb. hammer. 

OO 

no 

J-1824-32 

Rgure B-43. 
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Boring Log and Construction Data for 
Monitoring Well B-35 

Geologic Log 

JZ <î  

^ " ^ Approx. Ground Surface 
Q . E Elevation in Feet 26.00 

Moni to r ing 
Well Design 
Cosing Stickup in Feet 1.56 

Top of PVC in Feet 27.65 

Sample N Lob 
w 

5 -

1 0 -

1 5 -

2 0 -

2 5 -

30 — 

3 5 -

40 — 

45 — 

'^n — 

Very dense, wet, red—brown, mossive 
to gronulor SLAG. (Slog Fill) 

Very dense, wet, red -b rown , slightly 
silty, slightly gravelly, medium to 
coorse SAND. (Gronulor Fill) 

Very dense to dense, block, gravelly, 
coarse SAND. 

— WOOD CHIPS and hydrogen sul f ide- l ike 

1 odor. 1 

Medium dense to dense, wet, gray, 
slightly silty, fine SAND with shell and 
wood fragments. (Recent Marine Sond) 

Very stiff, moist , mot t led brow-green, 
slightly sandy SILT. (Vashon Advance Silt) 

Bot tom of Boring at 47.0 Feet. 
Completed 9 / 1 5 / 8 8 . 

S -1 

S-2E 

s-3 

5 - E 

5-5 Z 

S - 6 

s - 7 

S - 8 

S - 9 

S -10 

S-11 

' S - 1 2 

X 
X 
E 
E 
E 
E 

53 

5 0 / 2 " 

64 

45 

15 

16 

14 

18 

13 

9 

P 

TPH 
ABN 

TPH 
ABN 

TPH 
ABN 

MA 
HYD 

pH 

7 

m -\ 0 

- 10 

- 15 

- 20 

- 25 

- 30 

- 35 

- 40 

- 45 

50 

1. Refer to Figure B-1 for explonotion of descriptions 
and symbols. 

2. Soil descriptions and s t ro tum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for dote specified. Level may vory with t ime. 

4. Odex drilling to 10 feet. 
5. 2 inch split spoon- sampler with 300 lb. hommer. 

D O 
DO 

J-1824-32 

Figure B-44. 

9/88 



Boring Log and Construction Data for 
Monitoring Well B-36 

Geologic Log 

0) 

D.E 
Approx. Ground Surface 
Elevation in Feet 27.23 

Moni to r ing 
Well Design 
Cosing Stickup in Feet 1.7 

Top of PVC in Feet 28.93 

Sample N 

Very dense, dry. block, massive SLAG. 
(Slag Fill) 

Slow drilling. 

Block, oil—like coating on slag. 
Very dense, wet, black, gronulor SLAG. 

Very difficult drilling. No sample 
recovery from 15 to 2 5 . 5 - f o o t - d e p t h . 

Medium dense, wet, gray, medium to 
] find SAND. (Gronulor Fill) | 

Bo t tom of Boring at 29.5 Feet. 
Completed 9 / 6 / 8 8 . 

S-1 

S - 2 E 

S-3 

S-4 

E 
E 

Lab 

MET 
TPH 
ABN 

pH 

40 
TPH 
ABN 

5 0 / r BTEX 
PCB 

5 0 / 2 " 

5 0 / 1 " 

- ^ TPH 
'^^ ABN 

Q TPH 
° ABN 

-1 0 

LV 
ATD 

10 

15 

20 

25 

- 30 

35 

40 

45 

50 

• to Figure B-1 for explanation of descriptions 
symbols. 
descriptions and st ratum lines are interpretive 
octual changes may be gradual. 
Id water level, if indicated, is at time of drilling 
) or for date specified. Level may vary with time. 
drilling to 10 feet. 
1 split spoon sampler with 300 lb. hammer. 

D O 
OO 

J-1824-32 

Rgure B-45. 

9/88 



APPENDIX C 

EXISTING BORING INFORMATION 

Figure C-1 shows Phase I and II plus all known existing borings on the Asarco site. 
Figures C-2 through C-9 show boring logs for existing borings used to generate geologic 
cross-sections presented in Sections 3.5 and 3.6. 

C-1 



Boring Log and Construction Data for 
Monitoring Well B-37 

Monitoring 
Geologic Log Well Design 

JZ a> 

Q.E 
0 — 

Cosing Stickup in Feet 1.74 

Top of PVC in Feet 26.33 
Approx. Ground Surfoce 
Elevotion in Feet 24.59 Sample N 

5 — 

10-

15 — 

20-

25-

30 — 

35-

40 — 

45-

50-J 

Very dense, domp, dork gray, massive 
SLAG. (Slog Fill) 

Purple liguid on sampler with strong 
organic chemical odor. 

Very dense, wet, black, f roctured 
mossive SLAG. 

Strong organic chemicol odor. 

WOOD CHIPS. 

Dense, wet, gray, fine SAND. (Granular Fill) 

Bot tom of Boring ot 22.0 Feet, 
Completed 9 / 1 5 / 8 8 . 

S -1 

S - 2 E 

S - 3 E 

S-4 E 21 

Lob pH 

MET 
ABN 

21 ABN 

57 4.5 

MET 
ABN 

ATD 

U7 

xXXXXxX 

CO 

0 -

10 

15 

20 

25 

- 30 

35 

40 

45 

^ 5 0 

1. Refer to Figure B-1 for explonotion of descriptions 
and symbols. 

2. Soil descriptions and s t ro tum lines are interpretive 
and octuol changes moy be groduol. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for dote specified. Level may vary with t ime. 

4. Odex drilling to 11 feet. 
5. 3 inch split spoon sample with 300 lb. hammer. 

EJO 

nn 

J-1824-32 

Figure B-46. 
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COMMENCEMENT B A f 

I 

<>-0- M .M • " • 

M a 

0 
BH4 

•MMVMB 

B4 
A 

»WC-I 

BH4 

»? 
A 

" M , 

A 

B-IS 
B.I2 

B-7B4&S . . . .4. - , , 

" — — p o o O M 

MW«_ BH-l 

'̂  Vs. 
^ \ / OFRCES / 

y 

/ 

» f * « & € 

SCALE MRET_ m 

» r " " ^ B* 

^^ [ j s ^ 
. ^ HwlCRMMf A«QC., Inc. I9sa 

CRMrtir Anoc. Ine., IS07 

41- Ertac ISM 

^ H a n o a M m t O t t M r 

. ^ Hwt CtOM*.* Anoc.. kw.. ISM 

O QMlatM. he . 1S74 

0 - Hwt Ctowm Acioe.. Inc. I f l n 

( ) HailCiDa.«Aa<ic.lnc1«7< 

• a«w>, he. isn 

• oraiiM, tc, ran 

o OMUM, bK.. ttra 

A (taouMscisg* 

A Hvt Cra«nr AMOC Inc., t«77 

A HMCfOMfWAModnc l f fn 

Rgura C-1. 

Bortng Locations: 

Cuirent and Previous Studies 
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SOIL DESCRIPTION 

Surface Elevation: 
tii'iiiii.. iimaiivii^r'.i.̂ c'L. sviu.. 

STANOAftO 
PENETRATION RESISTANCE-

( I40 lb .»« l9h t , 30"drop) ..-
A Blew* par foot 

0 25 50 
S Z 

-10 

SM Medium dense, brown, silty, gravelly, 
medium SAND with many bricks and boards. 

SP 

5 -

Medium dense, light yellow, moist, fine 
SAND with some gravel. 

SM Medium dense, brown to tan, moist, 
silty, fine SAND. 

-15 

-20 

-30 

SP 

ML 

CL 

•25 

-35-

ML 
SM 

Medium dense, moist, tan to gray-tan, 
fine SAND with silt. 

Medium stiff, moist, mottled, tan-brown 
SILT with fine sand. 

Medium stiff, moist, blue-gray SILT to 
CLAY. 

SP 

.40 

ML 
CL 

Medium stiff, moist, brown SILT layers 
with brown, silty, fine to medium SAND. 
(2" layers) 

Very dense, moist, brown to gray, fine 
SAND with some silt. 

Medium stiff to stiff, moist, blue-gray 
SILT to CLAY. 

LEGEND 
X 2 . 0 ' ' a 0 . a p l l t tpoen Mfnpt* 
H 3 . 0 " 0.0. th in>wal lMmpi t 
" ^ Sampla net r*cov«r*4 ^

lmp•rTteu« M O I 

Wotar lM* l 

Piaiemeter t ip 

P Samp lar pwlied 

i: 

II 

I 
I 
I 

• 

k 

:y 

i t 

61/12" 
54/12" 

56/12" A 

52/12." \ 

I 
I 

1 

A*t3rbarg l i m i t s ' 
H - » 1-—Liquid l i m i t uSC Uniflad Soil 

NoTura I vetaf eontpnt - Ciossiftestion 
Plast ic l i m i t 

• % WotM' eentant 

Tacoma Smelter - Stack Flue No. 1 

Figure C-2. 
Log of Boring B-1 
By Geolabs (1974) 
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SOIL DESCRIPTION 

Surface Elevation: 

X 
3 

STANOARO 
PENETRATION RESISTANCE 

(1401b. walght, 30"drop) 
• Blew* par feet 

0 25 50 

•45 

ML 
CL 

Medium stiff to stiff, moist, blue-gray 
SILT to CLAY. 

-50-

55 

60 

-65-

•70- Bottom of hole 69.0 ft. 

LEGEND 
X Z . O ' O L O . split tpoen tampla 
^ 3 . 0 " 0.0. thln-wol lsampls 
' ^ Sample not r*covar*d 

Artarbarg l i m i t s ' 
t - ^L leu id l i m i t 

'NoTural water eentpiTt 
Plost ie l i m i t 

^

lfflp«^*iau• teal 

Water levot 

Piaxometer t ip 

P Sampler pushed 

USC Unified Soil 
-Qassineatiofi 

I 
I, 
I 
I 
r 
r 
r 

I 

V1/4/74 
^12/26/73 

Tacoma Smelter - Stack Flue Nd. 1 
Rgure C-2. 
(Continued)-
Log of Boring B-1 
By Geolabs (1974) 



- - — 

" • " 

• • -

• -

• • 
r ' 
a. u 

. 10 . 

' 

-?0 . 

.30. 

— 

M . 

3 0 . 

5 0 . 

-7Q 

80 

X 

.Att* 
1 * 

' \ 

3 

SC 

SP.. 

V 

ML 
CH 

ML 

SP 

ML 
CH 

2.0" 0 
3.0" 
Somp 

rberg 

W ' * 

SOIL DESCRIPTION 

Surface Elevationt 163' 
Medium dense, brown, clayey Sand with 
sca t t e red g rave l . 

Medluni_t,o .very dense, brown to gray, 
f ine to medium Sand. 

Hard, gray. Clay and S i l t . 

Hard, Gray, S i l t . 

Very dense, gray, s l i g h t l y s i l t y f ine 
Sand; water bear ing . 

Hard, g ray . Clay and S i l t . 

S
A

M
P

L
E

S
 

D
E

P
T

H
.f

ta
t 

I 

^ 1 0 

I 

^ 2 0 

I • 

P . 

I 

I 

I 

"^70 

I 

Iso 

• STANOARO 
PENETRATION RESISTANCE 

(140 lb. weight, 30"drspK.^ 
A Blows-per f o o t — 

0 " " 50 . : IC 

t 
: : \ 

—1 

N 

._. 

. 

X A 
• 

•• ~ - - ' 

- • 

i 
1 

\ * ' ' 

\ 

- • / " 

L E G E N D . "̂  « % water content 

1.0. split spoon •ompi* ^ Impervious seal American Smel t ing & Ref in ing 
0.0. ttiin-woIIsomple pZ_Woter level W-251 S e p t . 1 9 6 9 
• not recovered Q piezometer tip 
limits' P Sompler pHshetf F i g u r e 0 - 3 . 
Liquid limit uSC Unified Soil LOQ Of B o r i n g B - 1 -
Natural wotereontant Clossl float ion b y G e o l a b S (1969) 
Plostic limit 

0 

-.' 

-

" 

1 

6' 

-t 



X 
»-
a. 
UJ 
Q 

90 

aoQ 

r 

^ 

o 
M 
3 

.ML 
C H 

SOIL DESCRIPTION 

Surfoce Elevotion' 16$' 

Hard, gray. Clay and S i l t 

Bottom of boring @ 99-1/2 f e e t . 

«n 
Ui 
- t 
a. 
2 < 

I 
1 

I 

I 

90 

100 

STANDARD 
PENETRATION RESISTANCE 

(140 lb. weight, 30"drep) 
• Blows par foot 

I S O , J ) ( 

L 
: > 

LEGEND 
X 2 . 0 " a o . spilt spoon sompi* 
TL 3 . 0 " 0 .0. th ln -wo l l sample 
^ Sample not recevarad 

. AtTerberg limitsi 
I. O. t '^Ltguid limit 

Notura I water content 
Plost ie l i m i t 

^

Impervious seal 

Water level 

Piezometer t ip 

P Sompler pwshod 

USC Unified Soil 
Closelfteatlea 

_ ?0 3JZT 
~ • % Water content 

American Smelting & Refining 
W-251 Sept. 1969 

Rgure C-3. 
(Continued) 
Log of Boring B-1 
by Geolabs (1969) 



BORING LOG B-1 

STANDARD PENETRATION RESISTANCE 
. . . - ^ ( l « C . » l « m • • • f l l l . . J O mCK « r * * l . 

BLOWS P tn FOOT A 

S e m p I * I t S 10 20 M lOO IMI 

TO 

z 

3 

z 

• 

• 

• 

• 

• 

-- -

• 

- • • — 

• 

f 

1/ 

1/ 

1 

• 

L; 

l l 1 

- • 5 Ehr:: TAN-GRAY S t L T AND SAND 

isa 

! £ £ 

••10 

" 1 5 

3 - . 2 0 

. .25 

SORING LOG B-Z 

SOIL INTERPRETATION 

« \ 
=SE 

CONCRETE FLOOR SLAB 

FTLL. DAMP TO MOJST, BROVN, FINE 5AN0T 
SILT TO SILTY FINE TO COARSE "SAilQ. VITH 9RICK 
RAGMENTS 

DENSE, WET, TAN-CRAY •ITM-REO-eROWN MOTTa.JNB, 
FINE SANDY ^ILT (NL) TO SlLTY FIME SANP i S H i 

CRAY SILT 

2 « HARD. VET, CRAY, CLAYEY SILT (MH-ML) 

•ITH HORIZONTAL LAMINATIONS 

BOTTOM OF BORINC 
COMPLETED 12/23/76 

STANDARD PENETRATION RESISTANCE 
(140 se.nri • . t ^ h t . so iftcft Ofo*! 

BLOWS PeR FOOT A 

S o m p U t 20 SO 

z I 

- -
i 

WATER CONTENT 
PCnCCNT • 

LCCEnO 

0 '—' 

OlplK 
00 t » l 

TO 

"•5 

" 1 0 

W 20 M oo 

L/1 Pwwr $•-»* , »-yi O0.,l"l0. I 

uc» UPCDwIf̂ q Cawo.wtii» S^lTwy^.l^l ^A>i 
• • w»l Unit W f l l l , b l pv OAK t M J l J 0»»w.« l l»« 

SOIL INTERPRETATION 

^ \ CONCRETE FLOOR SLAB 

;;-:= F I L L -

3^3 DAMP, CRAY TO BRO«N, SILTY SAND WITH BRlCJt-
ANO SLAC FRAGMENTS 

?££• REFUSAL TO FURTHER AUGERINC 

• « ( X I * 0bt . rM« 

Well 

N* SawoM N.CO.trf 

NOTE! 9«ll tf«.crtpli««« t r t i l i l . f p r . l i . . «.« pClwAJ C^.n^.l M«y M frp4««L 

BOTTOM OF BORINC 
COMPLETED 12/26/76 

kWicptn weiw 
CanipM « n o i i K 
L«i>ii l l o M i M M I J - 3 8 4 
•ntf Liowitf LiNUI 
klfhpr MkM 

JANUARY I S r ? 

HART-CROWSER a .ossocioles inc. 

Figure CM. 
Log of Boring B-1 

http://ilil.fpr.li


BORING LOG B-2 

PCNETRATION RESISTANCE 
Blows per foot • Oeptn 

Somple 1 2 S 10 20 M lOO ' • • • 
T O 

SOIL INTERPRETATION 

A^l i 

10 
^ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

' 

< 

S 

> 

e 
/ 

• 

e 

/ 
/ 

A 
\ 

\ 

> 

4 

^ 4 
/ 
/ 

Ik 

\ 

\ 

/ 
A 

\ 

• 

1 

\ 
\ 

/ 

• 

VHATER CONTENT 

- .5 2 

r^I.O ASPHALT and GRAVEL 

Very hard, gray SLAG (FILL) 

|5._0 

Hard, black, fractured SLAG (FILL) 

-.10 

"19 

"20 

"25 

"30 

" 3 5 ' 

"40 

•45 

•»>90 

14.0 
Loose Co medium dense saturated, gray 
fine CO coarse, sandy GRAVEL and gravelly 
fine to coarse SAND 

19,0 
Medium dense, saturated, gray, silty, 
fine to coarse sandy GRAVEL 

23.5 

Very stiff, moist, gray, clayey SILT 
with scattered fine to medium SAND and 
fine gravel 

35.0 

Very stiff to hard, moist, gray, 
clayey SILT 

48.0 Bottom of Borin Bottom ot Boring 
Completed &/10/7li 

J-201 JUNE 1975 
HART'CnOWSER A osaocMtM inc 

Rgure C-5. 
Log of Boring B-2 



BORING LOG B-3 

PENETRATION RESISTANCE 
Blowt per foot A 

SOIL INTERPRETATION 

Somple S « 20 so KM 

A-l 

A-2 
1* 

-2-

10 

I I 

n 

E 

I 

. 

• 

-

• 

1 

• 

• 

• 

> 

-

— — 

1 
1 

—T' 

< 

• • -

' ' 

*A 
/ 
/ 

Ae 
\ 1 \ 

/ 

> 

• 

-A 
\ 

— 

• ' 

• 

\ 
\ 

1 
1 

1 

• 

1 

9 

\ 

\ 

• 1 

WATER CONTENT 

OepHi 
feet 
T O 

- • 5 

+ 10 IC 

WB- ASPHALT and SUBGRADE 

te 3.0 
Hard, b lack SLAG (FILL) 

9.0 
Hard, black, fractured SLAG (FILL) 

"15 

"20 

"25 

"30 

"35 

-•40 

"45 

•̂ •SO 

15.5 

. • • • . 

.\fr: m 

Loose to medium, saturated, dark-gray^ 
fine to coarse, aandy GRAVEL and gravelly 
SAND with shell fragments 

30.0 
Soft, moist, gray, gravelly, sandy to 

32.0 clayey SILT 

Stiff to hard, moist, gray, clayey SILT 

49.0 Bottom of Boring 
Completed 6/6/75 

J - 2 0 I JUNE 1975 
HART-CROWSER A osMCMtM inc~ 

Figure C-6. 
Log of Boring B-3 



BORING LOG B-4 

PENETRATION RESISTANCE 
Blow* per foot A 

SOIL INTERPRETATION 

Sample 

A - l 

10 

11 

12 

2 

2 

•0 20 90 100 

• 

• 

• 

• 

• 

• 

• 

• 

" 

i 

/ 

A' 
\ 

\ 

4 

• 
.y 

1 
\ 

A 

• 

> 

^ ̂  

\ 

/ 
/ 

\ s 

X 

i i / 

. . . . . . 

1 

/ 

• 

Oeptn 
feet 
T O 

" 9 

" 1 0 

- • 1 5 

" 2 0 

" 2 5 

" 3 0 

" 3 5 

- • 4 0 

" 4 5 

A 5 0 

Very hard, gray SLAG (FILL) 

vn 
• ^ cn 

WATER CONTENT 

• 

8.0 
Hard, 

12.0 

b lack SLAG 

.. , 

(FILL) 

12.5 SLAG and ORGANICS (FILL) 

Medium dense to dense, saturated, gray 
to brown, silty, fine, gravelly, fine 
to coarse SAND 

n c 
y;?! 

VSt 

!t!-Vi 

27.0 

Medium stiff, damp, gray Co brown and 
brown, clayey SILT with scattered fine 
sand and some shell fragments 

q. - 1.1 - 1.7 tsf 

37.0 
Dense, saturated, gray-brown,-si1ty, fine 

39 Q SJfYSlJ-Y' ^'^^^ to coarse SAND with so,..,? 

Very stiff, damp, gray-brown, clayey 
SILT 

45.0 
Very dense, moist, gray-brown, slightly 
silty, fine SAND 

^ a . ^ Hot^tnm nf Bnr i 
Completed 6 im\ 

J-201 JUNE 1975 
HART-CROWSER ft M a o c M t n mc 

Figure C-7. 
Log of Boring B-4 



BORING LOG B-6 

PENETRATION RESISTANCE 
Blowt per toot A 

Sample i 2 

SOIL INTERPRETATION 
Deptk 

4 a 

-7 ! 

I 

L . — 

I 
I 
I 

i 

% 

10 

11 

12 

9 to 20 80 100 * • • • 
T O 

" 5 

• 

• 

• 

' 
- .-

• 

' 
' 
• 

-

• 

• 

' 

' • 

-

I ! l i 
• 

1 
1 

• 

. 
• 

• 

• 

1 

• 

• 

• 
' 

• 

• 

• 

-

, 

• 

... 

•-

• 

/ 

/ 
/ • 

N 

A" 
\ 

i 

I 
A 

/ 
— 

". 

• 

/ / 

\ 
/ 

1 

. 

( 

< 

4 

" V L " 

/ 

/ 

^ 
> 

•;, 
4 

/ 
/ 

e 

• 

• 

\ 
^ . 

> 
• 

. 
' 

' 
/ 

/ . 
w 

1 
1 
1 

1 

1 
1 
1 
i 
1 

\ 
(1 i . 

50 

" 1 0 

" 1 5 

50 

" 2 0 

" 2 5 

" 3 0 

" 3 5 

- • 4 0 

" 4 5 

" 5 0 

-»-55 

1.1; ; . 

% : . • • ; 

• / a ' 

Ifir/.-
" • • ; : % 

9;.'-.V.' 

• / . * . . * . 

\ A ^ . 

•;«r>;.; 

V : - * : 

••:tf.;.' 
.C>.V. 

Dense, mgist, gray, gravelly, fine 
to coarse SAND with some brick fragments 
(FILL) 

22.3 

23.7 Loose, saturated, gray, gravelly SAND 

Very stiff to hard, damp, gray, thinly 
bedded, clayey SILT .. _ . 

54.0 Bottom of Boring 
Completed 6/4/75 

J-201 JUNE 1975 
HART-CROWSER ft owoc io tn mc 

Figure C-8. 
Log of Boring B-6 



BORING LOG B-F 

PENETRATION RESISTANCE 
Blew* per toot A 

SOIL INTERPRETATION 

Sample 

X 

|71 
! i 
! ! 

'r-i 
Al 

to 

1 1 e 

• f 

1 3 ^ 

1« 

to 20 so « 0 

• 

• 

• 

• 

: 

• 

• 

• 

• 

-

• 

• 

• 

" 

1 

1 
1 

1 1 

! 

1 
1 

t 
/ 

1 

\ 
\ 

^ 

1 
1 

1 

\ 

* 

« 
» 

» 

» 

- ^ . . , 

1 
• 1 
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APPENDIX D 

LABORATORY TESTING PROGRAM FOR THE 
SUBSURFACE SOILS 

Three types of tests were performed in Hart-Crowser's laboratory. They were grain size 
analysis, hydraulic conductivity testing, and Asarco fill leachate testing. Descriptions of 
the test methods follow. 

1. Grain Size /Analysis (GS) 

Grain size distribution was analyzed on representative samples in general accordance with 
ASTM D 422 (Figure D-2). Wet sieve analysis was used to determine the size 
distribution greater than the U.S. No. 200 mesh sieve. The size distribution for particles 
smaller than the No. 200 mesh sieve was determined by the hydrometer method for a 
selected number of samples. The results of the tests are presented as curves on Figures 
E-2 through E-9 plotting percent finer by weight versus grain size. 

2. Hvdraulic Conductivity Testing 

Vertical hydraulic conductivities of fine-grained samples (e.g., samples from the Vashon 
Advance Silt) were measured using falling head permeameter tests in the Hart Crowser 
soil laboratory. Hydraulic conductivity tests were performed on relatively undisturbed 
Shelby tube soil samples. The soil samples were prepared by extruding the soil &"om the 
tube and trimming the desired length or shape of sample. For these samples, the 
hydraulic conductivity tests were performed in a triaxial cell using "flexible wall 
permeameter" techniques. Samples with vertical orientation were tested. 

After trimming, the samples were placed in the triaxial cell, surrounded and sealed by 
rubber membranes. The samples were then consolidated using various cell water 
pressures selected to approximately equal in situ overburden pressure. 

The hydraulic conductivity test was initiated after consolidation using water and falling 
head techniques. Hydraulic gradients of 5 to 15 were used. Flow occurred from the 
bottom of the sample to the top. The tests were continued until steady state flow 
occurred. 

Sununary of the laboratory hydraulic conductivity results are presented in Table 3-2. 

3. /Vsarco Fill Leachate Testing 

Introduction 

The purpose of the leaching tests was to evaluate the release of trace metals from fill 
materials located on the Asarco Tacoma site. In order to determine whether these fill 
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materials may act as sources of metals to groundwater, we performed five leaching tests 
on selected soil and granular slag samples. Leachate testing consisted of passing pH-
adjusted deionized water through a permeameter filled with soil or slag and measuring 
the changes in the water chemistry that resulted. Soil and slag samples were collected 
from seven test pits at locations presented on Figure 4-65. Five samples were chosen 
for leachate testing. Sampling methodology is discussed in Appendix B. 

Laboratory Apparatus 

8-inch-diameter acrylic double-ring permeameter with attached 10-gal acrylic 
reservoir (shown on Figure D-1) 

100 percent Teflon non-woven filter fabric 

Porous stone and stainless steel base 

Teflon tubing and stainless steel needle valves 

Glass mariotte tubes 

0.45 n disposable filters 

4-L plastic sample collection bottles 

Test Procedure 

Step I: Water Preparation 

A clean 50-gallon reservoir was filled with deionized water. A concentrated solution of 
reagent-grade calcium carbonate was added to the water reservoir until the pH of the 
deionized water was approximately 8. A sample of the pH-adjusted water was collected 
for dissolved trace metal analysis. 

Step II: Soil and Slag Preparation 

Before placing the soil or slag fill into the permeameter, we collected representative 
samples of the fill for chemical (total and EPTox metals) and water content analyses 
(ASTM D-2216). The fill was loaded into the permeameter in 4 to 5 Ufts having an 
average thickness of approximately 3 inches. The first lift was placed on top of a porous 
stone covered with Teflon filter fabric to prevent migration of fine (< 0.075 mm) fill 
particles. Each lift was compacted by hand using a 3-inch-diameter hanraier. After 
placing the fill into the permeameters, total fill area dimensions and weight were 
recorded and a determination of sample density, volume, and pore water was made. The 
10-gal reservoirs were then placed on top of the permeameters. 
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Large Size 

Sample diameter of 8 ' and heights 
up to 12 ' . 

Double Drainage in Base 

Row from the central and outer 
portion of sample can be captured 
separately. 

Stainless Steel Components 

Base plate and porous drains are 
constructed of stainless steel to 
minimize contamination of permeant 
and interfering with leachate studies. 

Penneant Reservoir 

A large capacity (40 liter) reservoir 
is provided, i-iead loss through valves, 
fittings, etc. is eliminated by mounting 
the reservoir directiy on top of the 
sample. 

Penneant Isolation 

The reservoir can be sealed from 
the atmosphere and nitrogen can be 
introduced through the top ports. 

Constant or Failing Head Tests 

The top plate of the reservoir is 
fitted with a mariotte tube for constant 
head testing. Falling head testing 
can be perfonrfed by removing the 
Mariotte tube. 

Rgure D-1. 
Large Diameter Permeameter 
for Granular Materials 



Step m.- Operation and Sampling 

The pH-adjusted deionized water was pumped into the five permeameter reservoirs. We 
installed mariotte tlibes in each of the reservoirs to regulate effective head (H) and water 
outflow (Q). Inner- and outer-ring outflow was also controlled by using stainless steel 
needle valves. Outflow was adjusted to allow approximately one pore volume per week 
to flow through the fill sample. Inner-ring outflow was filtered through an in-line 0.45 ^ 
filter and collected in pre-labeled 4-L plastic sample bottles containing approximately 
12 ml of nitric acid. Inner- and outer-ring sample bottles were calibrated to allow for 
determination of total flow and water sample volume. Flow was also monitored by 
measuring changes in water levels in the permeameter reservoirs. Flow rates were 
measured daily and adjusted when necessary. Inner-ring sample bottles were replaced 
aftisr apprO ĵciniately one-half pore volumes had been collected. A total of five samples 
were collected from each permeameter. Outer-ring outflow was collected in 1-L sample 
bottles. The pH of outer-ring outflows were measured daily using an Orion pH meter. 

Samples collected for dissolved trace metal analysis were stored in a large locked 
re&"igerator until shipment to Asarco's Salt Lake City laboratory. 
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Table F-i. Sununary of Surface Water Constituent Concentrations (Base Neutrals) 

PARAMETER 
Detection 
Frequency 

0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
3/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 

Minimum 
Value 
(ppm) 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

10.00 
10.00 
10.00 
10.00 
80.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 

Maximum 
Value 
(ppm) 

< 
< 
< 
< 

40.00 
40.00 
40.00 
40.00 

< 300.00 
< 
< 
< 
< 
< 
< 
< 
< 
< 

40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 

110.00 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 

Mean of 
All Values 

(ppm) 

12.50 
12.50 
12.50 
12.50 

100.71 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
16.42 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 

Acenaphthene 
Acenaphthylene 
Aniline 
Anthracene 
Benzidine 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)flouranthene 
Benzo(g,h,i)perylene 
Benze(k)fluoranthene 
Benzyl Alcohol 
bis(2-chloroethoxy)methane 
bis(2-chloroehtyl)ether 
bis(2-chloroisopropyl)ehter 
bis(2-ethylhexyl)phthalate 
4-Bromophenyl-phenyl ether 
Butyl benzyl phthalate 
4-Chloroaniline 
2-Chloronaphthalene 
4-Chlorophenyl phenyl ether 
Chrysene 
Dibenzo(a,h)anthracene 
Dibenzofuran 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
3,3-Dichlorobenzidine 
Diethyl phthalate 



Table F-1. Summary of Surface Water Constituent Concentrations (Base Neutrals) (con't). 

PARAMETER 

Dimethyl phthalate 
Di-n-Butyl phthalate 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Di-n-Octyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(1,2,3-cd)Pyrene 
Isophorone 
2-Methylnaphthalene 
Naphthalene 
2-Nitroanaline 
3-Nitroanaline 
4-Nitroanaline 
Nitrobenzene 
N-Nitrosodimethylamine 
N-Nitrosodipropylamine 
N-Nitrosodiphenylamine(1) 
Phenanthrene 
Pyrene 
1,2,4-Trichlorobenzene 
2-methyl-4,6-dinitrophenol 
PCB's 

Detection 
Frequency 

0/28 
1/28 
0/28 
0/28 
0/28 
1/28 
0/28 
0/28 
0/28 
0/28 
0/28 
2/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/26 

Minimum 
Value 
(ppm) 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 

< 1.00 

Maximum 
value 
(ppm) 

< 

< 
< 
< 

< 
< 
< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
• 

40.00 
30.00 
40.00 
40.00 
40.00 
30.00 
40.00 
40.00 
40.00 
40.00 
40.00 
10.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 

< 5.00 

Mean of 
All Values 

(ppm) 

12.50 
13.21 
12.50 
12.50 
12.50 
13.21 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
2.61 



Table F-1. Summary of Surface Water Constituent Concentrations (Acids) (con't) 

PARAMETER 

Benzoic Acid 
2-Chlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2-Methylphenol 
4-MethyIphenol 
2-Nitrophenol 
4-Nitrophenol 
4-Chloro-3-methylphenol 
Pentachlorophenol 
Phenol 
2,4, 5-Trichlorophenol 
2,4,6-Trichlorophenol 
Biphenyls 
Dibenzothiophene 
Dimethylanaline 
Methylphenanthrenes 
1 methyl (2-methylethyl) benzine 

Detection 
Frequency 

0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 
0/28 

Minimum 
Value 
(ppm) 

<50.00 
<10.00 
<10.00 
<10.00 
<50.00 
<10.00 
<10.00 
<10.00 
<50.00 
<10.00 
<50.00 
<10.00 
<50.00 
<10.00 
<10.00 
<10.00 
<10.00 
<10.00 
<10.00 

Maximum 
Value 
(ppm) 

<200.00 
<40.00 
<40.00 
<40.00 
<200.00 
<40.00 
<40.00 
<40.00 
<200.00 
<40.00 
<200.00 
<40.00 
<200.00 
<40.00 
<40.00 
<40.00 
<40.00 
<40.00 
<40.00 

Mean of 
All Values 

(ppm) 

62.50 
12.50 
12.50 
12.50 
62.50 
12.50 
12.50 
12.50 
62.50 
12.50 
62.50 
12.50 
62.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 



Table F-1. Summary of Surface Water Constituent Concentrations (Metals)(con't) 

PARAMETER 
Detection 
Frequency 

40/72 
28/70 
69/72 
67/70 
61/72 
55/70 
69/72 
68/70 
67/72 
42/70 
40/72 
1/70 
27/72 
20/70 
70/72 
69/70 

Minimum 
Value 
(ppm) 

< 0.08 
< 0.08 

< 0.004 
< 0.004 
< 0.001 
< 0.001 
< 0.008 
< 0.008 
< 0.005 
< 0.005 
< 0.500 

0.500 
< 0.03 
< 0.03 

< 0.008 
< 0.008 

Maximum 
Value 
(ppm) 

0.600 
0.313 

43.800 
3.250 
0.350 
0.338 

28.800 
17.750 
8.500 
0.075 

230.000 
0.500 
0.300 
0.160 

21.600 
20.400 

Mean of 
All Values 

(ppm) 

0.115 
0.088 
1.810 
0.324 
0.032 
0.018 
2.714 
0.800 
0.493 
0.013 
8.158 
0.500 
0.055 
0.042 
1.218 
0.950 

Antimony (T) 
Antimony (D) 
Arsenic (T) 
Arsenic (D) 
Cadmium (T) 
Cadmium (D) 
Copper (T) 
Copper (D) 
Lead (T) 
Lead (D) 
Mercury (ppb) (T) 
Mercury (ppb) (D) 
Nickel (T) 
Nickel (D) 
Zinc (T) 
Zinc (D) 



Table F-2. Summary of Surficial Soils Constituent Concentrations (Base Neutrals). 

PARAMETER 
Detection 
Frequency 

22/93 
3/93 
0/93 
24/93 
0/93 
35/93 
34/93 
37/93 
30/93 
9/93 
0/93 
0/93 
0/93 
0/93 
5/93 
0/93 
0/93 
0/93 
0/93 
0/93 
39/93 
9/93 
13/93 
0/93 
1/93 
10/93 
0/93 
0/93 

Minimum 
Value 
(ppm) 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

300.00 
300.00 
300.00 
300.00 
520.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
666.00 
300.00 

Maximum 

< 

< 
. 

< 
< 
< 
< 

< 
< 
< 
< 
< 

< 

< 
< 

Value 
(ppm) 

2690.00 
800.00 

20000.00 
40000.00 
50000.00 
L08000.00 
72000.00 
39700.00 
48000.00 
2960.00 

20000.00 
20000.00 
20000.00 
20000.00 

790.00 
20000.00 
20000.00 
20000.00 
20000.00 
20000.00 
112000.00 
2860.00 
7200.00 

20000.00 
700.00 
1350.00 

40000.00 
2OOO0J0O 

Mean of 
; All Values 
1 (ppm) 

1885.26 
1645.69 
1639.24 
2491.39 

12988.70 
4503.97 
3735.91 
4679.35 
2642.25 
1649.56 
1639.24 
1639.24 
1639.24 
1639.24 
1629.78 
1622.04 
1622.04 
1639.24 
1639.24 
1622.04 
4634.08 
1699.89 
1829.89 
1639.24 
1643.22 
1736.98 
3332.25 
1622.04 

Acenaphthene 
Acenaphthylene 
Aniline 
Anthracene 
Benzidine 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)flouranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Benzyl Alcohol 
bis(2-chloroethoxy)methane 
bis(2-chloroehtyl)ether 
bis(2-chloroisopropyl)ehter 
bis(2-ethylhexyl)phthalate 
4-Bromophenyl-phenyl ether 
Butyl benzyl phthalate 
4-Chloroaniline 
2-Chloronaphthalene 
4-Chlorophenyl phenyl ether 
Chrysene 
Dibenzo(a,h)anthracene 
Dibenzofuran 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
3,3-Dichlorobenzidine 
Diethyl phthalate 



Table F-2. Summary of Surficial Soils Constituent Concentrations (Base Neutrals) (con't) 

PARAMETER 

Dimethyl phthalate 
Di-n-Butyl phthalate 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Di-n-Octyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(1,2,3-cd)Pyrene 
Isophorone 
2-Methylnaphthalene 
Naphthalene 
2-Nitroanaline 
3-Nitroanal.ine 
4-Nitroanaline 
Nitrobenzene 
N-Nitrosodimethylamine 
N-Nitrosodipropylamine 
N-Nitrosodiphenylamine(1) 
Phenanthrene 
Pyrene 
1,2,4-Trichlorobenzene 
2-methyl-4,6-dinitrophenol 
PCB's 

Detection 
Frequency 

3/93 
0/93 
10/93 
1/93 
0/93 
39/93 
19/93 
0/93 
0/93 
0/93 
0/93 
28/93 
1/93 
15/93 
16/93 
0/93 
3/93 
0/93 
0/93 
0/93 
10/93 
1/93 
39/93 
48/93 
10/93 
0/93 
20/93 

Minimum 
Value 

(PPP) 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< : 
< : 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
L700.00 
1700.00 
L700.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
900.00 
200.00 

Maximum 
Value 
(ppm) 

1520.00 
< 20000.00 

1630.00 
610.00 

< 20000.00 
169000.00 
31000.00 

< 20000.00 
< 20000.00 
< 20000.00 
< 20000.00 

39000.00 
560.00 

36000.00 
69000.00 

< 100000.00 
11900.00 

< 100000.00 
< 20000.00 
< 20000.00 

1400.00 
1390.00 

265000.00 
277000.00 

1700.00 
< 100000.00 

11200.00 

Mean of 
All Values 

(ppm) 

1651.61 
1622.04 
1720.21 
1637.60 
1622.04 
7301.93 
2151.72 
1622.04 
1639.24 
1639.24 
1639.24 
2418.81 
1640.96 
1950.75 
2568.06 
8091.39 
8132.79 
8016.12 
1639.24 
1687.63 
1727.95 
1633.44 
8180.53 
9373.76 
1751.29 
7992.47 
2324.51 



Table F-2. Summary of Surficial Soils Constituent Concentrations (Acids) (con't). 

PARAMETER 

Benzoic Acid 
2-Chlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2-Methylphenol 
4-MethyIphenol 
2-Nitrophenol 
4-Nitrophenol 
4-Chloro-3-methylphenol 
Pentachlorophenol 
Phenol 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
Biphenyls 
Dibenzothiophene 
Dimethylanaline 
Methylphenanthrenes 
1 methyl (2-methylethyl) benzine 

Detection 
Frequency 

1/93 
10/93 
0/93 
0/93 
0/93 
0/93 
0/93 
0/93 
8/93 
10/93 
10/93 
10/93 
0/93 
0/93 
0/75 
0/75 
0/75 
0/75 
0/75 

Minimum 
Value 
(ppm) 

<2000.00 
<400.00 
<400.00 
<400.00 
<2000.00 
<400.00 
<400.00 
<400.00 
1260.00 
<400.00 
1390.00 
<400.00 
<2000.00 
<400.00 
<10.00 
<0.50 

<300.00 
<1.40 
OOO.00 

Maximum 
Value 
(ppm) 

2310.00 
3130.00 

<20000.00 
<20000.00 
OOOOO.OO 
<20000.00 
<20000.00 
<20000.00 
3330.00 
4530.00 
4580.00 
3660.00 

OOOOO.OO 
<20000.00 
20000.00 
20000.00 
20000.00 
20000.00 
20000.00 

Mean of 
All Values 

(ppm) 

8092.47 
1851.93 
1639.24 
1639.24 
7992.47 
1639.24 
1639.24 
1639.24 
7234.73 
1888.38 
8123.11 
1944.19 
8091.39 
1639.24 
1774.80 
1773.72 
1784.00 
1609.28 
1784.00 



Table F-2. Summary of S 

PARAMETER 

Antimony (T) 
Arsenic (T) 
Arsenic (EPTox) 
Cadmium (T) 
Cadmium (EPTox) 
Chromium (Y) 
Chromium (EPTox) 
Copper (T) 
Copper (EPTox) 
Lead (T) 
Lead (EPTox) 
Mercury (T) 
Mercury (EPTox) 
Nickel 
Selenium (T) 
Selenium (EPTox) 
Silver (T) 
Silver (EPTox) 
Thallium (T) 
Zinc (T) 
Zinc (EPTox) 
Barium (T) 
Barium (EPTox) 

urficial Soils C( 

Detection 
Frequency 

68/103 
124/124 
95/95 
102/103 
71/95 
103/103 
3/95 

103/103 
95/95 
103/103 
77/95 
103/103 
94/95 
17/103 
76/76 
10/95 
76/76 
0/95 
7/76 

103/103 
95/95 
76/76 
41/95 

Dnstituent Cone 

Minimum 
Value 
(ppm) 

< 13.00 
11.00 
<0.02 

< 0.25 
< 0.005 

21.00 
<0.02 
41.00 

<0.033 
12.00 
<0.02 
3.00 

<0.50 
15.00 
9.00 

<0.083 
1.30 

<.008 
< 13.0 
39.00 

<0.033 
70.00 
<0.10 

:entrations (Me 

Maximum 
Value 
(ppm) 

3350.00 
262250.00 

610.00 
498.00 

1.50 
142.00 

0.04 
341250.00 

217.00 
22600.00 

1.60 
695000.00 

3.60 
575.00 
274.00 

8.30 
2075.00 

<.008 
50.00 

16500.00 
64.00 

1528.00 
1.00 

tals) (con't). 

Mean of 
All Values 

(ppm) 

112.69 
6404.68 

19.02 
50.57 
0.11 

60.19 
0.02 

12653.58 
17.87 

3101.77 
0.12 

57279.73 
0.63 

80.81 
63.88 
0.30 

71.74 
<.008 
14.00 

1368.28 
3.67 

255.89 
0.28 



Table F-3. Summary of Soil Constituent Concentrations: All Samples 

PARAMETER 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

EPTOX Arsenic 
EPTOX Silver 
EPTOX Barium 
EPTOX Cadmium 
EPTOX Chromium 
EPTOX Mercury (in ppb) 
EPTOX Lead 
EPTOX Selenium 
EPTOX Copper 
EPTOX Ztnc 

Detection 
Freauencv 

20/91 
91/91 
91/91 
50/91 
91/91 
91/91 
91/91 
90/91 
91/91 
57/91 
28/91 
14/91 
91/91 

7/67 
0/67 
0/67 
11/67 
0/67 
1/67 

25/67 
0/67 
33/67 
50/67 

Minimum 
Detected Value 

(in ppm) 

13 
1 
18 

0.5 
24 
13 
6 

0.02 
20 

0.25 
2.8 
8 
34 

0.68 

0.005 
.... 

1.6 
0.02 

0.017 
0.017 

Maximum 
Detected Value 

(in ppm) 

3313 
24950 
2250 
268 
310 

13000 
9750 
112 
763 
2463 
114 
21 

27000 

11 

0.292 

1.6 
0.47 

8.6 
8.3 

Mean of 
Detected Values 

(in ppm) 

519. 
1205.1 
161.6 
13.7 
89.9 

1229.3 
934.3 
3.4 

73.8 
109.6 
15.1 
13.1 

2710.4 

4.24 

0.053 

1.6 
0.059 

1.149 
1.007 

Mean of 
All Values 

(in ppm) 

127.4 
1205.1 
161.6 
7.8 

89.9 
1229.3 
934.3 
3.3 
73.8 

6.5 
11.9 

2710.4 

0.739 
0.008 
0.5 

0.021 
0.033 
0.516 
0.035 
0.08 
0.575 
0.771 

Upper 95% 
Quantile 
(in ppm) 

220.8 
1950.1 
229.4 

14. 
101.2 
1721.4 
1400.7 

6.4 
90.7 

9.3 
12.6 

3922.3 

1.163 

0.03 

0.549 
0.051 

0.926 
1.188 



Table F-4. Summary of Slag Fill Constituent Concentrations 

PARAMETER 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

EPTOX Arsenic 
EPTOX Silver 
EPTOX Barium 
EPTOX Cadmium 
EPTOX Chromium 
EPTOX Mercury (in ppb) 
EPTOX Lead 
EPTOX Selenium 
EPTOX Copper 
EPTOX Zinc 

Detection 
Freauencv 

10/18 
18/18 
18/18 
16/18 
18/18 
18/18 
18/18 
17/18 
18/18 
16/18 
17/18 
8/18 
18/18 

3/15 
0/15 
0/15 
6/15 
0/15 
0/15 
10/15 
0/15 
13/15 
15/15 

Minimum 
Detected Value 

(in ppm) 

25 
53 
83 
2.5 
75 

1030 
112 

0.02 
28 

0.4 
5 

16 
4415 

1.1 

0.005 

0.02 

0.093 
0.042 

Maximum 
Detected Value 

(In ppm) 

3313 
24950 
2250 
25 
310 

13000 
9750 
112 
763 
2463 
114 
21 

27000 

7.7 

0.037 

0.47 

8.6 
6.9 

Mean of 
Detected Values 

(in ppm) 

763.3 
4837.1 
583.2 
11.9 
160.2 

4622.8 
3953.3 

8.6 
119.5 
262.9 

19. 
17.4 

12586.9 

3.3 

0.019 

0.111 

2.358 
2.077 

Mean of 
All Values 

(in Dpm) 

554.9 
4837.1 
583.2 

10. 
160.2 

4622.8 
3953.3 

8.2 
119.5 
262.9 
18.2 
15.2 

12586.9 

0.924 
0.008 
0.5 

0.015 
0.033 
0.5 

0.081 
0.08 
2.046 
2.077 

Upper 95% 
Quantile 
(in ppm) 

1005.7 
8077.9 
865.1 
13.5 
197.5 

6205.7 
5885.9 
21.5 
202.8 
623. 
31. 

16.4 
16081. 

1.973 

0.02 

0.5 
0.155 

3.381 
3.206 



Table F-5. Summary of Granular Fill Constituent Concentrations 

PARAMETER 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

EPTOX Arsenic 
EPTOX Sliver 
EPTOX Barium 
EPTOX Cadmium 
EPTOX Chromium 
EPTOX Mercury (In 
EPTOX Lead 
EPTOX Selenium 
EPTOX Copper 
EPTOX Zinc 

ppb) 

Detection 
Freauencv 

4/20 
20/20 
20/20 
18/20 
20/20 
20/20 
20/20 
20/20 
20/20 
15/20 
8/20 
1/20 
20/20 

4/13 
0/13 
0/13 
3/13 
0/13 
1/13 
8/13 
0/13 
8/13 
11/13 

M 
Detected 

(ll 

inlmum 
Value 
n ppm) 

40 
16 
26 

0.5 
44 
28 
19 

0.125 
34 

0.3 
3.5 
8 
59 

0.68 

0.043 

1.6 
0.022 

0.033 
0.023 

Maximum 
Detected Value 

(In ppm) 

213 
11000 
209 
268 
158 
5750 
6050 
60 
151 
40 
24 
8 

2500 

11 

0.292 

1.6 
0.05 

3.3 
8.3 

Mean of 
Detected Values 

(In ppm) 

106. 
1043.3 
70.8 
25.7 
82.5 

1175.7 
579.6 
6.9 
70. 
12.6 
.12.2 

8. 
691.4 

4.945 

0.146 

1.6 
0.033 
.... 

0.856 
1.535 

Mean of 
All Values 

(In Dom) 

36.4 
1043.3 
70.8 
23.2 
82.5 

1175.7 
579.6 
6.9 
70. 
9.7 
6.4 
10.4 

691.4 

1.75 
0.008 
0.5 

0.043 
0.033 
0.585 
0.024 
0.08 
0.533 
1.301 

Upper 95% 
Quantile 
(In ppm) 

58.4 
2212.2 

89.8 
52.1 
97.7 

1961.8 
1222.6 
15.3 
83.3 
15.6 
9.7 
12.1 

1072.5 

3.735 

0.091 

0.769 
0.029 

1.124 
2.898 



Table F-6. Summary of Native Soil Constituent Concentrations 

PARAMETER 
Detection 
Freauencv 

6/53 
53/53 
53/53 
16/53 
53/53 
53/53 
53/53 
53/53 
53/53 
24/53 
3/53 
5/53 

53/53 

0/39 
0/39 
0/39 
2/39 
0/39 
0/39 
8/39 
0/39 
12/39 
24/39 

Mi 
Detected 

.nimum 
Value 

(in ppm) 

13 
1 
18 

0.58 
24 
13 
6 

0.03 
20 

0.25 
2.8 
8 
34 

0.01 

0.02 

0.017 
0.017 

Maximum 
Detected Value 

(in ppm) 

25 
325 
108 
12 

132 
805 
435 

8 
187 
505 

7 
8 

1200 

0.042 

0.03 

0.084 
2 

Mean of 
Detected Values 

(in ppm) 

17.8 
32.6 
52.8 
2.8 

68.8 
97.1 
42.8 
0.4 
59.7 
53.1 
4.4 
8. 

118. 

0.026 

0.021 
----

0.036 
0.138 

Mean of 
All Values 

(in ppm) 

16.5 
32.6 
52.8 
1.2 

68.8 
97.1 
42.8 
0.4 
59.7 
25.6 
2.6 
11.3 
118. 

0.33 
0.008 
0.5 

0.016 
0.033 
0.5 
0.02 
0.08 
0.023 
0.091 

Upper 95% 
Quantile 
(In ppm) 

18. 
51.9 
59.5 
1.8 

76.2 
138.4 
66.6 
0.7 
68.1 
50.5 
2.8 
12.2 

170.4 

0.019 

0.5 
0.021 

0.028 
0.196 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Sliver 
Thallium 
Zinc 

EPTOX Arsenic 
EPTOX Silver 
EPTOX Barium 
EPTOX Cadmium 
EPTOX Chromium 
EPTOX Mercury (In ppb) 
EPTOX Lead 
EPTOX Selenium 
EPTOX Copper 
EPTOX Zinc 



Table F-7. Summary of Slag Fill Constituent Concentrations: Soils Collected at 0 - 10 ft. Depth Interval 

PARAMETER 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Sliver 
Thallium 
Zinc 

EPTOX Arsenic 
EPTOX Silver 
EPTOX Barium 
EPTOX Cadmium 
EPTOX Chromium 
EPTOX Mercury (In ppb) 
EPTOX Lead 
EPTOX Selenium 
EPTOX Copper 
EPTOX Zinc 

Detection 
Freauencv 

6/8 
8/8 
8/8 
7/8 
8/8 
8/8 
8/8 
8/8 
8/8 
7/8 
8/8 
3/8 
8/8 

1/8 
0/8 
0/8 
6/8 
0/8 
0/8 
5/8 
0/8 
8/8 
8/8 

Minimum 
Detected Value 

(In ppm) 

228 
53 

100 
6.8 
75 

1850 
198 

0.02 
45 
1 

5.3 
16 

6000 

7.7 

0.005 

0.02 

0.093 
0.042 

Maximum 
Detected Value 

(in ppm) 

3313 
24950 

700 
25 
310 

13000 
9750 
112 
223 
2013 
114 
17 

27000 

7.7 

0.037 

0.47 

8.6 
5.8 

Mean of 
Detected Values 

(in ppm) 

1411.2 
8078.5 
392.3 

15. 
172. 

6546.9 
5496.6 
18.22 
102.1 
267.6 
31.2 
16.3 

14875. 

7.7 

0.019 

0.164 

2.989 
1.884 

Mean of 
All Values 

(in ppm) 

1061.6 
8078.5 
392.3 
13.2 
172. 

6546.9 
5496.6 
18.22 
102.1 
267.6 
31.2 
14.3 

14875. 

1.251 
0.008 

0.5 
0.016 
0.033 

0.5 
0.11 
0.08 
2.989 
1.884 



Table F-8. Summary of Slag Fill Constituent Concentrations: Soils Collected at 10 - 25 ft. Depth Interval 

PARAMETER 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Sliver 
Thallium 
Zinc 

EPTOX Arsenic 
EPTOX Sliver 
EPTOX Barium 
EPTOX Cadmium 
EPTOX Chromium 
EPTOX Mercury (in ppb) 
EPTOX Lead 
EPTOX Selenium 
EPTOX Copper 
EPTOX Zinc 

Detection 
Freauencv 

3/9 
9/9 
9/9 
8/9 
9/9 
9/9 
9/9 
9/9 
9/9 
8/9 
8/9 
5/9 
9/9 

2/5 
0/5 
0/5 
0/5 
0/5 
0/5 
3/5 
0/5 
4/5 
5/5 

Minimum 
Detected Value 

(in ppm) 

25 
100 
83 
2.5 
103 
1030 
112 
0.02 
28 
0.4 
5 
17 

4415 

1.1 

0.02 

0.105 
0.5 

Maximum 
Detected Value 

(In ppm) 

688 
7000 
2250 
13 
300 

4925 
8950 
0.4 
120 

2463 
11 
21 

19250 

1.1 

0.2 

2 
6.9 

Mean of 
Detected Values 

(In ppm) 

183.5 
2090.6 
770.4 
8.4 

156.1 
3101.1 
2331.8 
0.11 
63.4 
285.2 
7.5 
18. 

9660. 

1.1 

0.08 

0.861 
2.78 

Mean of 
All Values 

(In ppm) 

126.7 
2090.6 
770.4 
6.7 

156.1 
3101.1 
2331.8 
0.11 
63.4 

285.2 
7.2 
16.2 

9660. 

0.638 
0.008 
0.5 

0.014 
0.033 
0.5 

0.056 
0.08 
0.692 
2.78 



Table F-9. Summary of Slag Fill Constituent Concentrations: Soils Collected at 25-I- Depth Interval 

PARAMETER 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

EPTOX Arsenic 
EPTOX Silver 
EPTOX Barium 
EPTOX Cadmium 
EPTOX Chromium 
EPTOX Mercury (In ppb) 
EPTOX Lead 
EPTOX Selenium 
EPTOX Copper 
EPTOX Zinc 

Detection 
Freauencv 

1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
0/1 

1/1 
1/1 
1/1 
0/1 

1/1 

0/2 
0/2 
0/2 
0/2 
0/2 
0/2 
2/2 
0/2 
1/2 
2/2 

Minimum 
Detected Value 

(In ppm) 

355 
3625 
425 
14 

103 
2925 
6200 

763 
25 
13 

20625 

. 

0.022 

3.3 
0.58 

Maximum 
Detected Value 

(in ppm) 

355 
3625 
425 
14 

103 
2925 
6200 

763 
25 
13 

20625 

0.03 

3.3 
1.6 

Mean of 
Detected Values 

(in ppm) 

355. 
3625. 
425. 
14. 

103. 
2925. 
6200. 

763. 
25. 
13. 

20625. 

0.026 

3.3 
1.09 

Mean of 
All Values 

(in ppm) 

355. 
3625. 
425. 
14. 

103. 
2925. 
6200. 
0.03 
763. 
25. 
13. 
13. 

20625. 

0.33 
0.008 
0.5 

0.012 
0.033 
0.5 

0.026 
0.08 
1.658 
1.09 



Table F-10. Summary of Granular Fill Soil Constituent Concentrations: Soils Collected at 0 - 10 ft. Depth Interval 

PARAMETER 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Sliver 
Thallium 
Zinc 

EPTOX Arsenic 
EPTOX Sliver 
EPTOX Barium 
EPTOX Cadmium 
EPTOX Chromium 
EPTOX Mercury (In ppb) 
EPTOX Lead 
EPTOX Selenium 
EPTOX Copper 
EPTOX Zinc 

Detection 
Freauencv 

4/13 
13/13 
13/13 
12/13 
13/13 
13/13 
13/13 
13/13 
13/13 
9/13 
8/13 
1/13 

13/13 

4/9 
0/9 
0/9 
3/9 
0/9 
1/9 
4/9 
0/9 
7/9 
9/9 

Minimum 
Detected Value 

(in ppm) 

40 
18 
30 
1.9 
44 
38 
23 

0.16 
34 

0.55 
3.5 
8 

110 

0.68 

0.043 

1.6 
0.02 

0.033 
0.037 

Maximum 
Detected Value 

(in ppm) 

213 
11000 
209 
268 
133 
5750 
6050 
60 
151 
40 
24 
8 

2500 

11 

0.292 

1.6 
0.05 

3.3 
8.3 

Mean of 
Detected Values 

(in ppm) 

106. 
1563.7 
80.3 
37.7 
74.5 

1732.2 
848.5 
10.5 
75.7 
14.7 
12.2 
8. 

877.6 

4.945 

0.146 

1.6 
0.031 

0.973 
1.218 

Mean of 
All Values 

(In ppm) 

45.3 

1563.7 
80.3 
34.9 
74.5 

1732.2 
848.5 
10.5 
75.7 
10.5 
8.4 
10.8 

877.6 

2.381 
0.008 
0.5 

0.058 
0.033 
0.622 
0.025 
0.08 
0.76 
1.218 



Table F-11. Summary of Granular Fill Soil Constituent Concentrations: Soils Collected at 10 - 25 ft. Depth Interval 

PARAMETER 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

EPTOX Arsenic 
EPTOX Silver 
EPTOX Barium 
EPTOX Cadmium 
EPTOX Chromium 
EPTOX Mercury (In ppb) 
EPTOX Lead 
EPTOX Selenium 
EPTOX Copper 
EPTOX Zinc 

Detection 
Freauencv 

0/5 
5/5 
5/5 
4/5 
5/5 
5/5 
5/5 
5/5 
5/5 
5/5 
0/5 
0/5 
5/5 

0/3 
0/3 
0/3 
0/3 
0/3 
0/3 
3/3 
0/3 
1/3 
2/3 

M: 
Detected 

inlmum 
Value 

(In ppm) 

16 
26 

0.5 
70 
28 
19 

0.125 
41 
0.3 

59 

0.02 

0.038 
0.023 

Maximum 
Detected Value 

(In ppm) 

.... 

188 
93 
2 

158 
293 
113 

0.47 
93 
25 

1575 

0.03 

0.038 
5.9 

Mean of 
Detected Values 

(In ppm) 

60.6 
54.4 
1.4 

94.8 
107. 
54. 
0.3 
60.2 
11.3 

371.6 

0.023 

0.038 
2.962 

Mean of 
All Values 

(In ppm) 

20.2 
60.6 
54.4 
1.2 

94.8 
107. 
54. 
0.3 

60.2 
11.3 
2.5 
9.5 

371.6 

0.33 
0.008 

0.5 
0.003 
0.033 

0.5 
0.023 
0.08 
0.024 
1.98 



Table F-12. Summary of Granular Fill Soil Constituent Concentrations: Soils Collected at 25+ ft. Depth Interval 

PARAMETER 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Sliver 
Thallium 
Zinc 

EPTOX Arsenic 
EPTOX Sliver 
EPTOX Barium 
EPTOX Cadmium 
EPTOX Chromium 
EPTOX Mercury (In ppb) 
EPTOX Lead 
EPTOX Selenium 
EPTOX Copper 
EPTOX Zinc 

Detection 
Freauencv 

0/2 
2/2 
2/2 
2/2 
2/2 
2/2 
2/2 
2/2 
2/2 

• 1/2 
0/2 
0/2 
2/2 

0/1 
0/1 
0/1 
0/1 
0/1 
0/1 
0/1 
0/1 
0/1 
0/1 

Ml 
Detected 

(In 

nimum 
Value 
ppm) 

75 
46 
1.5 
68 
158 
100 
0.25 
55 

0.75 

140 

Maximum 
Detected Value 

(in ppm) 

a » — — 

160 
53 
3.3 
138 
301 
191 
0.29 
60 

0.75 

421 

Mean of 
Detected Values 

(in ppm) 

117.5 
49.5 
2.4 
103. 

229.5 
145.5 
0.3 
57.5 
0.8 

280.2 

Mean of 
All Values 

(in ppm) 

19. 
117.5 
49,5 
2.4 

103. 
229.5 
145.5 
0.3 
57.5 
0.9 
2.5 
9. 

280.5 

0.33 
0.008 
0.5 
0.02 
0.033 
0.52 
0.02 
0.08 
0.017 
0.017 



Table F-13. Summary of Groundwater Constituent Concentrations 

PARAMETER 
Detection Minimum Maximum 
Freauencv Value (in ppb) Value (In ppb) 

Mean of 
All Values 

(In ppb) 

86.3 
95.9 

4175.5 
5127.9 
115.9 
218.2 
16. 
24.7 
<30 
96.8 
412.3 
1641.8 
103.7 
209.9 
32.2 
38.9 
<8 
8. 

116.5 
117.3 
1335.8 
2090.9 
23.5 
97.4 
0.6 

1857. 
74753.8 

Upper 95% 
Quantile 
(In ppb) 

94,8 
109. 

6294,8 
7353,8 
1226. 
275.5 
30. 
41. 
<30 

145.9 
686. 
2732. 
157.8 
351.2 
51.2 
60,4 
<8 
8.1 

131,8 
133,5 
2420.8 
3376,7 
28,8 
137,4 
0.8 

2468.5 
112940.9 

Antlmony(D) 
Antimony(T) 
Arsenic(D) 
Arsenic(T) 
Barlum(D) 
Barium(T) 
Cadmium(D) 
Cadmium(T) 
Chromium(D) 
Chromium(T) 
Copper(D) 
Copper(T) 
Nickel(D) 
Nickel(T) 
Selenium(D) 
Selenium(T) 
Silver(D) 
Sllver(T) 
Thalllum(D) 
Thalllum(T) 
Zlnc(D) 
Zlnc(T) 
Lead(D) 
Lead(T) 
Mercury(T) 
Manganese(T) 
Iron(T) 

4/56 
8/56 
53/56 
54/56 
9/56 
28/56 
22/56 
37/56 
0/56 
23/56 
44/56 
53/56 
27/56 
36/56 
9/56 
13/56 
0/56 
2/56 
7/56 
7/56 
53/56 
55/56 
1/56 
33/56 
3/32 

42/42 
42/42 

<80 
<80 
<6 
<6 

<110 
<110 
<1 
<1 
<30 
<30 
<8 
<8 
<30 
<30 
<5 
<5 
<8 
<8 

<100 
<100 

6 
<8 
<5 
<5 

<0.5 
63 
113 

310 
330 

30600 
30600 
220 
1100 
375 
388 

1010 
4740 
27400 
1130 
3750 
338 
350 

9 
375 
400 

27750 
32500 

50 
775 
2.9 
8130 

441000 



Table F-14. Summary of Plant Area Groundwater Constituent Concentrations 

PARAMETER 
Detection Minimum Maximum 
Freauencv Value (In ppb) Value (In ppb) 

Mean of 
All Values 

(In ppb) 

88. 
100.3 
5304. 
6502.9 
117.5 
230.2 
19.5 
30.6 
<30 

106.8 
519. 

2054.8 
123.8 
249.1 
32.1 
34.7 
<8 
8. 

121. 
122.1 
1693.7 
2632.9 

112.9 
0.6 

2093.9 
85307.2 

Upper 95% 
Quantile 
(In ppb) 

98.9 
116.8 
7919.9 
9210.8 
126. 
301.4 
37.4 
51.1 
<30 

168.7 
863.1 
3427. 
191.9 
428.3 
51.4 
55.5 
<8 
8.1 

140.4 
142.6 
3066.3 
4244. 

162. 
0.9 

2848. 
133807.2 

Antimony(D) 
Antimony(T) 
Arsenlc(D) 
Arsenic(T) 
Barlum(D) 
Barlum(T) 
Cadmium(D) 
Cadmium(T) 
Chromium(D) 
Chromiura(T) 
Copper(D) 
Copper(T) 
Nickel(D) 
Nickel(T) 
Selenium(D) 
Selenium(T) 
Silver(D) 
Silver(T) 
Thalllum(D) 
Thallium(T) 
Zlnc(D) 
Zlnc(T) 
Lead(D) 
Lead(T) 
Mercury(T) 
Manganese(T) 
Iron(T) 

4/44 
8/44 
42/44 
42/44 
8/44 
22/44 
20/44 
32/44 
0/44 
17/44 
38/44 
44/44 
27/44 
33/44 
8/44 
10/44 
0/44 
1/44 
7/44 
7/44 
42/44 
43/44 
1/44 
29/44 
2/20 
32/32 
32/32 

<80 
<80 
<6 
<6 

<110 
<110 
<1 
<1 
<30 
<30 
<8 
10 

<30 
<30 
<5 
<5 
<8 
<8 

<100 
<100 
<8 
<8 
<5 
<5 
<.5 
63 
113 

310 
330 

30600 
30600 
220 
1100 
375 
388 

1010 
4740 
27400 
1130 
3750 
225 
225 

9 
375 
400 

27750 
32500 

38 
775 
2.9 
8130 

441000 



Table F-15. Summary of Stack Groundwater Constituent Concentrations 

PARAMETER 
Detection Minimum Maximum 
Freauencv Value (in ppb) Value (In ppb) 

Mean of 
All Values 

(in ppb) 

<80 
<80 
51.4 
120.4 
<110 
137.5 
4.1 
4.1 
<30 
46.6 
25.6 
125. 
<30 
45, 
46,6 
48.1 
<8 
8.1 
<100 
<100 
28.2 
65.9 

46.4 
0.7 

914.7 
13832.9 

Upper 95% 
Quantile 
(in ppb) 

<80 
<80 
72.9 
216.9 
<110 
180.1 
11.5 
11.5 
<30 
85,9 
46. 

235,2 
<30 
80,5 
145,1 
150.1 

<8 
8.4 
<100 
<100 
58.9 
117.1 

120.3 
1. 

2036.4 
35565. 

Antlmony(D) 
Antimony(T) 
Arsenlc(D) 
Arsenlc(T) 
Barium(D) 
Barium(T) 
Cadmiura(D) 
Cadmlum(T) 
Chromium(D) 
Chromlum(T) 
Copper(D) 
Copper(T) 
Nlckel(D) 
Nickel(T) 
Selenium(D) 
Selenlum(T) 
Sllver(D) 
Sllver(T) 
Thallium(D) 
Thallium(T) 
Zinc(D) 
Zinc(T) 
Lead(D) 
Lead(T) 
Mercury(T) 
Manganese(T) 
Iron(T) 

0/8 
0/8 
8/8 
8/8 
0/8 
3/8 
2/8 
4/8 
0/8 
3/8 
5/8 
6/8 
0/8 
1/8 
1/8 
2/8 
0/8 
1/8 
0/8 
0/8 
7/8 
8/8 
0/8 
3/8 
1/8 
7/7 
7/7 

<80 
<80 
20 
39 

<110 
<110 
<1 
<1 
<30 
<30 
<8 
<8 
<30 
<30 
<5 
<5 
<8 
<8 

<100 
<100 
<6 
10 
<5 
<5 
<.5 
175 
450 

101 
313 

220 
26 
26 

163 
81 
368 

150 
338 
350 

116 
188 
<25 
263 
1.8 
3530 
66300 



Table F-16, Summary of Parking Lot Groundwater Constituent Concentrations 

PARAMETER 
Detection Minimum Maximum 
Freauencv Value (in ppb) Value (in ppb) 

Mean of 
All Values 

(in ppb) 

<80 
<80 
8,2 
18,2 
110, 
247.5 

<1 
1. 

<30 
86.5 
12,5 
132,2 
<30 

108.8 
<5 

66.2 
<8 
<8 

<100 
<100 
14.2 
179.2 

<5 
29.5 
<.5 

1537.6 
104333. 

Upper 95% 
Quantile 
(in ppb) 

<80 
<80 
11. 
34.5 
110, 
510.1 

<1 
1. 
<30 

247.4 
26,8 
352.4 
<30 

256.9 
<5 

261.2 
<8 
<8 

<100 
<100 
22,2 
398, 
<5 

60.1 
<.5 

5384.2 
347884. 

Antlmony(D) 
Antlmony(T) 
Arsenlc(D) 
Arsenlc(T) 
Barlum(D) 
Barlum(T) 
Cadrolum(D) 
Cadmlum(T) 
Chromlum(D) 
Chromlura(T) 
Copper(D) 
Copper(T) 
Nlckel(D) 
Nlckel(T) 
Selentum(D) 
Selenlum(T) 
Sllver(D) 
Sllver(T) 
Thalllum(D) 
Thalllum(T) 
Zlnc(D) 
Zlnc(T) 
Lead(D) 
Lead(T) 
Mercury(T) 
Manganese(T) 
Iron(T) 

0/4 
0/4 
3/4 
4/4 
1/4 
3/4 
0/4 
1/4 
0/4 
3/4 
1/4 
3/4 
0/4 
2/4 
0/4 
1/4 
0/4 
0/4 
0/4 
0/4 
4/4 
4/4 
0/4 
1/4 
0/4 
3/3 
3/3 

<80 
<80 
<6 
9 

<110 
<110 
<1 
<1 
<30 
<30 
<8 
<8 
<30 
<30 
<5 
<5 
<8 
<8 

<100 
<100 

9 
56 
<5 
<5 
<.5 
213 
8000 

<80 

10 
29 
110 
440 

238 
26 
291 

212 

250 

19 
338 

50 

3240 
204000 

T182460/JOBS 



Table F-17. Summary of Marine Coring Constituent Concentrations (Base Neutrals). 

PARAMETER 
Detection 
Frequency 

Minimum 
Value 
(ppm) 

< 400.00 
< 400.00 
< 400.00 
< 400.00 
3000.000 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
< 400.00 
700.000 , 

< 400.00 , 

Maximum 
Value 
(ppm) 

<30000.00 
<30000.00 
<30000.00 

870.00 
<30000.00 

1740.00 
1460.00 
6300.00 
1590.00 

<30000.00 
<30000.00 
<30000.00 
<30000.00 
<30000.00 

7200.00 
<30000.00 

2500.00 
<30000.00 
<30000.00 
<30000.00 

5300.00 
<30000.00 
<30000.00 
<30000.00 
<30000.00 
<30000.00 
60000.00 

, <30000.00 

Mean of 
All Values 

(ppm) 

1297.29 
1297.29 
403.03 
1301.89 
3030.30 
1376.48 
1367.83 
1582.16 
1328.10 
1297.29 
1297.29 
1297,29 
1297.29 
1297.29 
1477.56 
1297.29 
1337.83 
1297.29 
1297.29 
1297.29 
1524.05 
1297.29 
1297.29 
1297.29 
1297.29 
1297.29 

, 2594.59 
, 1297.29 

Acenaphthene 
Acenaphthylene 
Aniline 
Anthracene 
Benzidine 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)flouranthene 
Benzo(g,h,i)perylene 
Benze(k)fluoranthene 
Benzyl Alcohol 
bis(2-chloroethoxy)methane 
bis(2-chloroehtyl)ether 
bis(2-chloroisopropyl)ehter 
bis(2-ethylhexyl)phthalate 
4-Bromophenyl-phenyl ether 
Butyl benzyl phthalate 
4-Chloroaniline 
2-Chloronaphthalene 
4-Chlorophenyl phenyl ether 
Chrysene 
Dibenzo(a,h)anthracene 
Dibenzofuran 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
3,3-Dichlorobenzidine 
Diethyl phthalate 

0/37 
0/37 
0/3 3 
1/37 
0/33 
5/37 
5/37 
6/37 
3/37 
0/37 
0/37 
0/37 
0/37 
0/37 
3/37 
0/37 
1/37 
0/37 
0/37 
0/37 
6/37 
0/37 
0/37 
0/37 
0/37 
0/37 
0/37 
0/37 



Table F-17. Summary of Marine 

PARAMETER 

Dimethyl phthalate 
Di-n-Butyl phthalate 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Di-n-Octyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(1,2,3-cd)Pyrene 
Isophorone 
2-Methylnaphthalene 
Naphthalene 
2-Nitroanaline 
3-Nitroanaline 
4-Nitroanaline 
Nitrobenzene 
N-Nitrosodimethylamine 
N-Nitrosodipropylamine 
N-Nitrosodiphenylamine(1) 
Phenanthrene 
Pyrene 
1,2,4-Trichlorobenzene 
2-methyl-4,6-dinitrophenol 

Coring Constituent ( 

Detection 
Frequency 

0/37 
0/37 
0/37 
0/37 
0/37 
8/37 
0/37 
0/37 
0/37 
0/37 
0/37 
3/37 
0/37 
3/37 
1/37 
0/37 
0/37 
0/37 
0/37 
0/37 
0/37 
0/37 
6/37 
6/37 
0/37 
0/37 

:oncentra 

Minimum 
Value 
(ppm) 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 

2000.000 
2000.000 
2000.000 
< 
< 
< 
< 
< 
< 
< 

400.00 
400.00 
400.00 
400.00 
400.00 
400.00 
400.00 

2000.000 

itions (Base Neu 

Maximum 
Value 
(ppm) 

<30000.00 
<30000.00 
<30000.00 
<30000.00 
<30000.00 
36000.00 

<30000.00 
<30000.00 
<30000.00 
<30000.00 
<30000.00 

670.00 
<30000.00 

4200.00 
660.00 

<200000.00 
<200000.00 
<200000.00 
<30000.00 

500.00 
<30000.00 
OOOOO.OO 
36000.00 
7600.00 

<30000.00 
<200000.00 

trals) (con't). 

Mean of 
All Values 

(ppm) 

1297.29 
1297.29 
1297.29 
1297.29 
1297.29 
1896.21 
1297.29 
1297.29 
1297.29 
1297.29 
1297.29 
1304.05 
1297.29 
1453.78 
1304.32 
8054.05 
8054.05 
8054.05 
1297.29 
403.03 

1297.29 
1297.29 
1746.21 
1805.94 
1297.29 
8054.05 



Table F-17. Summary of Marine Sediment Coring Constituent Concentrations (Acids) (con't) 

PARAMETER 
Detection 
Frequency 

2/37 
0/37 
0/37 
0/37 
0/37 
0/37 
1/37 
0/37 
0/37 
0/37 
0/37 
0/37 
0/37 
0/37 

Minimum 
Value 
(ppm) 

<2000.00 
<400.00 
<400.00 
<400.00 
<2000.00 
<400.00 
<400.00 
<400.00 
<2000.00 
<400.00 
<2000.00 
<400.00 
<2000.00 
<400.00 

Maximum 
Value 
(ppm) 

3500.00 
<20000.00 
<20000.00 
<20000.00 
<90000.00 
<20000.00 
510.00 

<20000.00 
<90000.00 
<20000.00 
<90000.00 
<20000.00 
<90000.00 
<20000.00 

Mean of 
All Values 

(ppm) 

8124.32 
1297.29 
1297.29 
1297.29 
3459.45 
1297.29 
1300.27 
1297.29 
8054.05 
1297.29 
7513.51 
1297.29 
8054.05 
1297.29 

Benzoic Acid 
2-Chlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2-Methylphenol 
4-MethyIphenol 
2-Nitrophenol 
4-Nitrophenol 
4-Chloro-3-methyIphenol 
Pentachlorophenol 
Phenol 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 



1 

Table F-17. Summary of Marine Coring Constituent Concentrations ( Metals) (con't). 

PARAMETER 

Arsenic (T) 
Arsenic (EPTox) 
Cadmium (EPTox) 
Copper (T) 
Copper (EPTox) 
Chromium (EPTox) 
Lead (T) 
Lead (EPTox) 
Mercury (ppb) (EPTox) 
Selenium (EPTox) 
Silver (EPTox) 
Zinc (T) 
Zinc (EPTox) 
Barium (EPTox) 

Detection 
Frequency 

39/39 
37/39 
10/39 
39/39 
14/39 
0/39 
39/39 
30/39 
1/39 
0/39 
1/39 
39/39 
39/39 
0/39 

Minimum 
Value 
(ppm) 

8.50 
< 0.007 
< 0.003 

18.00 
<.017 

<0.033 
11.00 

< 0.033 
<0.5 

< 0.083 
<.008 
42.00 

<0.017 
< 0.50 

Maximum 
Value 
(ppm) 

8775.000 
0.610 
0.025 

16300.000 
0.640 

<0.033 
4775.000 

0.630 
0.600 

< 0.083 
0.011 

24400.000 
6.000 

< 0.500 

Mean of 
All Values 

(ppm) 

1712.602 
0.124 
0.006 

1936.897 
0.067 

<0.033 
1185.128 

0.098 
0.503 

< 0.083 
0.008 

4677.743 
1.757 

< 0.500 



Table F-18. Summary of Marine Sediment 

PARAMETER 

Acenaphthene 
Acenaphthylene 
Aniline 
Anthracene 
Benzidine 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)flouranthene 
Benzo(g,h,i)perylene 
Benze(k)fluoranthene 
Benzyl Alcohol 
bis(2-chloroethoxy)methane 
bis(2-chloroehtyl)ether 
bis(2-chloroisopropyl)ehter 
bis(2-ethylhexyl)phthalate 
4-Bromophenyl-phenyl ether 
Butyl benzyl phthalate 
4-Chloroaniline 
2-Chloronaphthalene 
4-Chlorophenyl phenyl ether 
Chrysene 
Dibenzo(a,h)anthracene 
Dibenzofuran 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
3,3-Dichlorobenzidine 
Diethyl phthalate 

Detection 
Frequency 

15/149 
0/149 
0/146 
4/149 
0/146 
11/149 
9/149 
13/149 
0/149 
0/149 
0/149 
0/149 
0/149 
0/149 
7/149 
0/149 
1/149 
0/149 
0/149 
0/149 
15/149 
0/149 
1/149 
0/149 
1/149 
14/149 
2/149 
2/149 

Constituent 

Minimum 
Value 
(ppm) 

< 

< 

< 

< 

170.00 
170.00 
170.00 
170.00 

1000.000 
< 

< 
< 

< 

< 

< 
< 

< 
< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 
< 

170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
330.00 
170.00 

Concentrations 

Maximum 
Value 
(ppm) 

3110.00 
<2000.00 
<2000.00 
1130.00 

<20000.00 
4100.00 
1240.00 
2920.00 

<2000.00 
<2000.00 
<2000.00 
<2000.00 
<2000.00 
<2000.00 
3310.00 

<2000.00 
1080.00 

<2000.00 
<2000.00 
<2000,00 
7190.00 

<2000.00 
1900.00 

<2000.00 
400.00 
3190.00 
800.00 
3570.00 

(Base Neutrals). 

Mean of 
All Values 

(ppm) 

583.22 
451.47 
444.52 
465.57 

3629.45 
535.30 
475.83 
540.60 
457.31 
457.31 
451.47 
451.47 
451.47 
451.47 
516.44 
457.31 
461.20 
451.47 
451.47 
457.31 
611.07 
457.31 
459.32 
451.47 
451.94 
560.33 
905.43 
522.08 

1 , 



Table F-18. Summary of Marine Sediment Constituent Concentrations (Base Neutrals) (con't) 

PARAMETER 

Dimethyl phthalate 
Di-n-Butyl phthalate 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Di-n-Octyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(1,2,3-cd)Pyrene 
Isophorone 
2-Methylnaphthalene 
Naphthalene 
2-Nitroanaline 
3-Nitroanaline 
4-Nitroanaline 
Nitrobenzene 
N-Nitrosodimethylamine 
N-Nitrosodipropylamine 
N-Nitrosodiphenylamine(1) 
Phenanthrene 
Pyrene 
1,2,4-Trichlorobenzene 
2-methyl-4,6-dinitrophenol 
PCB's 
TOC (Total Organic Carbon) 

Detection 
Frequency 

0/149 
6/149 
13/149 
0/149 
1/149 
21/149 
0/149 
0/149 
0/149 
0/149 
0/149 
1/149 
0/149 
0/149 
0/149 
0/149 
0/149 
0/149 
0/149 
0/146 
14/149 
0/149 
15/149 
31/149 
14/149 
0/149 
6/36 
28/30 

Minimum 
Value 
(ppm) 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
-. 
4 

4 

< 
< 
< 
< 
< 
< 
< 
> 

< 
' 

170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
t:830.00 
=:830.00 
C830.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170,00 
<:830.00 
200.00 

< 50.00 

Maximum 
Value 
(ppm) 

<2000.00 
770.00 

2980.00 
<2000.00 
1220.00 

43600.00 
<2000.00 
<2000.00 
<2000.00 
<2000.00 
<2000.00 

470.00 
<2000.00 
<2000.00 
<2000.00 

<10000.00 
<10000.00 
<10000.00 
<2000.00 
<2000.00 
3040.00 

<2000.00 
52900.00 
27100.00 
2590.00 

<10000.00 
12700.00 
6900.00 

Mean of 
All Values 

(ppm) 

451.47 
465.50 
556.97 
449.26 
462.14 
968.45 
457.31 
457.31 
451.47 
451.47 
451.47 
457.78 
451.47 
451.47 
451.47 

2227.04 
2216.30 
2249.86 
451.47 
444.52 
560.00 
457.31 
904.49 
1018.25 
555.90 

2249.86 
2755.55 
2589.00 



Table F-18. Summary of Marine Sediment Constituent Concentrations (Acids) (con't) 

PARAMETER 
Detection 
Frequency 

0/148 
14/148 
0/148 
0/148 
0/148 
0/148 
1/148 
0/148 
13/148 
14/148 
14/148 
17/148 
0/148 
0/148 

Minimum 
Value , , 
(ppm) 

<830.00 
<170.00 
<170.00, 
<170.00 
<830.00 
<170.00 
<170.00 
<170.00 
<830.00 
<170.00 
<830.00 
<170.00 
<830.00 
<170.00 

Maximum 
Value 
(ppm) 

<10000.00 
5330.00 

<2000.00 
<2000.00 

<10000.00 
<2000.00 

570.00 
<2000.00 
5790.00 
5640.00 
6800.00 
5140.00 

<10000.00 
<2000.00 

Mean of 
All Values 

(ppm) 

2228.58 
692.09 
451.14 
451.14 

2251.55 
451.14 
451.62 
451.14 

2361.01 
728.85 

2372.70 
852.43 

2228.58 
451.14 

Benzoic Acid 
2-Chlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2-MethyIphenol 
4-MethyIphenol 
2-Nitrophenol 
4-Nitrophenol 
4-Chloro-3-methylphenol 
Pentachlorophenol 
Phenol 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 



Table F-18. Summary of Marine Surface Sediment Constituent Concentrations (con't) 

PARAMETER 

Arsenic (T) 
Arsenic (EPTox) 
Cadmium (EPTox) 
Copper (T) 
Chromium (EPTox) 
Lead (T) 
Lead (EPTox) 
Mercury (ppb) (T) 
Mercury (ppb) (EPTox) 
Selenium (EPTox) 
Silver (EPTox) 
Zinc (T) 
Barium (EPTox) 

Detection 
Frequency 

150/150 
1/28 
4/28 

150/150 
0/28 

150/150 
9/28 
48/48 
11/28 
0/28 
0/28 

150/150 
0/28 

Minimum 
Value 
(ppm) 

< 7.00 
< 0.333 
< 0.003 

14.00 
<0.033 
13.00 

< 0.02 
50.00 

< 0.50 
< 0.08 

< 0.008 
28.00 

< 0.50 

Maximum 
Value 
(ppm) 

20575.000 
0.830 
0.025 

18300.000 
<0.033 

9975.000 
0.520 

40000.000 
< 0.500 
< 0.08 

< 0.008 
21800.000 

< 0.50 

Mean of 
All Values 

(ppm) 

1891.653 
0.347 
0.006 

1236.900 
<0.033 

1419.580 
0.042 

2225.208 
< 0.500 
< 0.08 

< 0.008 
3069.666 

< 0.50 
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ADMINISTRATIVE AREA 

TOTAL METALS CONCENTRATION ISOPLETHS 
(in ppm) 



Figure G-1. 
Concentration Gradient 
isopleth for Arsenic 
in tiie Administrative Area 



Figure G-2. 
Concentration Gradient 
Isopleth for Barium 
in the Administrative Area 



Rgure G-3. 
Concentration Gradient 
Isopleth for Cadmium 
in the Administrative Area 



Figure G-4. 
Concentration Gradient 
Isopleth for Chromium 
in the Administrative Area 



Figure G-5. 
Concentration Gradient 
Isopleth for Copper 
in the Administrative Area 



Figure G-6. 
Concentration Gradient 
Isopleth for Lead 
In the Administrative Area 



Rgure G-7. 
Concentration Gradient 
Isopleth for Mercury 
in the Administrative Area 



Figure G^. 
Concentration Gradient 
Isopleth for Niclcel 

_in the Administrative Area 



Figure G-9. 
Concentration Gradient 
Isopleth for Selenium 
in the Administrative Area 



Figure G-10. 
Concentration Gradient 
Isopleth for Silver 
in the Administrative Area 



Figure G-11. 
Concentration Gradient 
Isopleth for Zinc 
in the Administrative Area 



SITE STABILIZATION A P ^ COOLING POND AREA 

TOTAL METALS CONCENTRATION ISOPLETHS 
(in ppm) 
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Figure G-12. 
Concentration Gradient 
Isopleth for Antimony 
in the Site Stabilization 
and Cooling Pond Areas 
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Rgure G-13. 
Concentration Gradient 
Isopleth for Arsenic 
in the Site Stabilization 
and Cooling Pond Areas 



Rgure G-14. 
Concentration Gradient 
Isopleth for Barium 
in the Site Stabilization 
and Cooling Pond Areas 



Rgure G-15. 
Concentration Gradient 
Isopleth for Cadmium 
in the Site Stabilization 
and Cooling Pond Areas 
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Figure G-16. ̂  
Concentration Gradient 
Isopleth forChromium 
in the Site Stabilization 
and Cooliing Pond Areas 



Figure G-17. 
Concentration Gradient 
Isopleth for Copper 
in the Site Stabilization 
and Cooling Pond Areas 



Figure G-18. -
Concentration Gradient 
Isopleth for_Lead 
in the Site Stabilization 
and Cooling Pond Areas 



Figure G-19. 
Concentration Gradient 
Isopleth for Mercury 
in the Site Stabilization 
and Cooling Pond Areas 



Figure G-20. 
Concentration Gradient 
Isopleth for Nickel 
in the Site Stabilization 
and Cooling Pond Areas 
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Rgure G-21. 
Concentration Gradient 
Isopleth for Selenium 
in the Site Stabilization 
and Cooling Pond Areas 



Figure G-22.^ 
Concentration Gradient 
isopleth for Silver 
in the Site Stabilization 
and Cooling Pond Areas 



Figure G-23. 
Concentration Gradient 
Isopleth for Zinc 
in the Site Stabilization 
and Cooling Pond Areas 



OFF-SITE AREA 

TOTAL METALS CONCENTRATION ISOPLETHS 
(in ppm) 



Figure G-24. 
Concentration Gradient 
Isopleth for Antimony 
in the Offsite Area 



Rgure G-25. 
Concentration Gradient 
Isopleth for Arsenic 
in the Offsite Area 



Rgure G-26. 
Concentration Gradient 
Isopleth for Cadmium 
in the Offsite Area 



Rgure G-27. 
Concentration Gradient 
Isopleth for Chromium 
in the Offsite Area 



Figure G-28. 
Concentration Gradient 
Isopleth for Copper 
in the Offsite Area 



Figure G-29. 
Concentration Gradient 
Isopleth for Nickel 
in the Offsite Area 



Figure G-30. 
Concentration Gradient 
Isopleth for Zinc 
in the Offsite Area 



Rgure G-31. 
Concentration Gradient 
Isopleth for Lead 
in the Offsite Area 
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INTRODUCTION 

Based on a data validation/quality assurance review, we judged the analytical data to 
be generally acceptable. However, in some instances results were qualified as estimates 
or rejected due to violations of quality control criteria. The following codes have been 
used in this data package to qualify the data, 

< Less than the associated value which is the quantitation (detection) limit 

J Indicates the compound was detected but at an estimated concentration 
because one or more quality control criteria were not met. 

N The compound was not detected and the associated quantitation (detection) 
limit is estimated because one or more quality control criteria were not met 

R Quality control limits were grossly exceeded, making the data unusable 
while the compound may or may not have acmally been present. 

U The compound was detected, but at a concentration of less than 5 times 
the level found in the method blank. Therefore the compound is 
considered undetected due to the excessive contamination in the blank. 

Z Dry weight results were not reported by the laboratory, 

W This qualifier is restricted to the furnace atomic absorption spectraphoto-': 
metry (furnace AA) analysis of lead. It indicates the sample absorbance 
was less than 50 percent of the spike absorbance and the spike recovery 
was less than 85 percent or greater than 115 percent, 

E Indicates the Spike recovery was less than 40 percent in the furnace AA 
analysis of lead. 

* The sample results are not available due to an analytical error, 

# The laboratory did not report the total organic carbon (TOC) result because 
the non-homogeneous nature of the sample made it difficult to get 
reproducible results. 

Detailed discussions of the laboratory data validation are contained in the Asarco 
Tacoma Smelter RI/FS Data Validation Report. 
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SURFACE WATER FIELD DATA 
(time, flow, conductivity, pH/ and temperature) 

Data (qualifiers: 

COMP = composite sample 
ND = not determined 
F = field measurement of conductivity or pH 



Surface t*ater saKoljnD. event 1 on ]/23/8fl 
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3ITE 

SW-i 

SW-1 

SW-1 

3W-1 

3U-1 

SW-I 

SW-1 

SUS 
SW-2 

SW-2 
SW-2 

3W-£ 
SW-2 

SW-5 

SW-3 

3H-3 
SW-S 

SW-3 

SW-3 

5H'-3 

3W-3 
SW-4 

SW-4 

SW-4 
SW-4 

SW-4 

SW-4 

SW-4 

SW-5 

SW-5 

SW-5 

3W-5 

SW-5 

3W-5 

SW-5 
5W-6 

SW-6 
SW-6 

SW-6 

SW-5 

SW-6 
SW-6 

3W-7 

SW-7 

SW-7 

3W-7 
SW-7 

SW-7 
SW-7 

TIKE 

132« 

1415 

1528 
1520 

1725 

isse 
COWP 

1330 
1425 

1535 

1635 
1740 

ia30 

COMP 

1335 

1430 
1540 

1640 

1745 

1835 

C3MP 
1340 

1435 

1545 

1645 

1750 

1640 

cow:' 
1345 

1450 
1545 

1646 

1735 

1501 

CDi<P 

1330 

1435 

1537 

1635 

1735 

1855 

C0!9» 
1325 

1425 

1530 

1625 

1730 

1S50 

COUP 

FLOW 
CFS 

0.140 

0.090 

0.060 

0.050 
0.040 

0.040 

0.088 

1.180 

0.780 
0.400 

0.350 

0.280 
0,240 

0.538 

0.620 

0.420 

0.210 

0.150 

0.120 

0.200 
0.287 

1.830 

1.200 
0.670 

0.600-
0.440 

0,500 

0,863 

0.132 
0.006 

0.001 

0,002 

0,001 

0.001 

0,024 

0.190 
0.140 

0.080 
0.050 

0,030 

0.020 

0.085 

0.320 

0.220 

0.180 
0.170 

0,090 

0.070 

0.175 

CCND. 

UHTOS 

82 
125 
190 
157 
193 
1^ 
145 
95 
115 
146 
149 
159 
162 
129 
90 
191 
239 
229 
245 
233 
180 
99 
130 
156 
171 
133 
251 
142 
ND 
ND 
ND 
ND 
ND 
ND 
37 
16 
21 F 
14 F 
18 F 

30 
37 
21 
114 
111 F 

59 F 

68 F 

82 
79 
98 

p-H 

7.5 F 
7 F 

5.5 F 

ND 
ND 
ND 
6.7 
7.2 F 

7,5 F • 
ND 
ND 
NO 
ND 
6.6 

7 F 

7F 
ND 
ND 
ND 
ND 
7 

7.4 F 

7 F 

ND 
ND 
ND 
ND 
6.8 F 

ND 
ND 
ND 
ND 
ND 
ND 
7.2 
ND 
6.7 F 

5.7 F 

5.7 F 

ND 
ND 
7.1 
ND 

9.3 F 

7.3 F 
7,2 F 

ND 
ND 
5,8 

TEMP 

C 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND-
ND 
ND 
NO 
ND 
ND 
ND 

m 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
10 

10.4 

16.1 

ND 
ND 
ND 
ND 
12 

10.6 

10.5 
ND 
ND 
ND 

SITE 

SW-8 

S^8 
SW-8 

5u-e 
SW-8 

SW-^ 

5U-8 

a*-9 
SH-9 

SW-9 

SW-9 

SW-9 

SW-9 

SW-9 

SW-10 

5W-10 

SW-10 

SW-10 
SW-10 

SW-10 

SW-10 

SW-ll 

SW-11 

SW-11 

a^-11 

SW-11 

SW-11 
SW-11 

SW-12 
SW-12 

SW-12 

SW-12 

SW-12 
3W-12 

SW-12 

SW-13 

SW-13 

SW-13 

SW-13 

SW-13 

SW-13 

SW-13 

SEEP-1 

StkP-2 
SEEP-4 

SEEP-5 

SEC-fl 

SEC-B 

SEC-C 

SEC-D 

TIME 

1320 

1415 
1527 

1521 
1721 

1847 

UWP 
1330 

1442 

1542 

1542 

1742 

1850 

COMP 

1345 

1452 

1552 
1652 

1752 

ism 
COMP 
1410 

1505 

1605 

1705 

1305 

1320 
COMP 

1425 

1525 

1625 
1725 

1825 

1930 
COMP 

1310 

1405 

1505 

1610 

1715 

1810 
COMP 

1530 

1640 

1650 
1700 

1602 

1815 
1825 

1635 

FLOW 

CFS 

0.000 

0.007 

0.000 

0.2^0 

0.000 

0.000 

0.001 
0.145 

0.055 
0.020 

0.045 

0.033 
0.037 

0.223 
2.400 

1.300 
0.590 

0.600 
0.500 

0.500 

1.015 
0,550 

0.200 
0.070 

0.030 
0.020 

0.020 

0,148 

0.353 

0.173 
0.155 

0,155 

0,148 

0.133 

0.187 

0,310 

0.300 

0.200 
0.170 

0.170 

0.150 
0.217 

0.000 

0.000 

0,000 
0.000 

0.001 

0.002 
0.001 

0.001 

CDND. 

UHMOS 

ND 
33,3 F 

ND 
ND 
ND 
ND 
108 
89 
263 
115 
109 
116 
132 
121 
246 
300 
258 
250 
236 
326 
253 
302 
287 
251 
269 
285 
295 
294 
258 
239 
250 
259 
246 
277 
245 
209 
211 
202 
205 
218 
225 
214 
282 
637 
635 
540 
72.5 F 

132 F 
421 F 

149 F 

DH 

ND 
7,25 F 

ND 
:MD 
ND 
.MD 
5.7 
ND 
ND 
ND 
ND 
ND 
ND 

5,75 

NO 
N'D 
ND 
ND 
ND 
WC 

6.25 

ua 
SD 
MD 
ND 
ND 
ND 

6.72 

ND 
W) 
ND 
ND 
ND 
ND 

6.52 

ND 
6.5 
6.7 
ND 
ND 
ND 
5,5 
5.65 

5.73 F 

5.53 
6.43 

7.23 

6.8 
6.82 

6.9 

T£,Mp 

r 

ND 
11,1 

NC' 
.*.'D 

.'oD 

ND 
ND 
KO 
D̂ 
NO 
.SD 
ND 
f̂D 
ND 
ND 
ND 
ND 
ND 
ND 
•VD 
;̂D 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
\D 
f.|D 

ND 
•ND 

\<V 

ND 
5 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 

18.4 

23,3 

lo.S 

5,5 



Surface water saaolinc. event 3 on 6/1/86, 

S I T E 

SW-1 

SW-1 

S U - 1 

SW-l 

S U - 1 

SW-1 

SW-2 

SW-2 

SW-2 

SW-2 

SW-2 

3W-2 

SW-3 

3W-3 

3W-3 

SW-3 

SW-Z 

SW-3 

SW-4 

SW-4 

SW-4 

•3W-4 

SW-4 

SW-4 

SW-5 

3W-5 

SW-5 

SM-5 

SW-5 

SW-5 

SW-6 

SW-5 

SW-5 

SW-5 

sy-6 
3W-6 

SU-7 

SW-7 

SW-7 

SW-7 

SV^7 

SW-7 

TIME 

705 
750 
845 
945 

1040 

COMP 

630 
730 
830 
930 

10?5 

COMP 

650 
740 
340 
935 

1030 

COMP 

625 
720. 

820 
925 

1020 

COMP 

645 
745 
845 
945 

1045 

COMP 

637 
735 
3.11 

932 
1033 

COW 
628 
725 
325 
925 

1032 

. COMP 

FLOW 

CFS 

0.020 
0.035 
0.0iiS 
0.025 
0.015 
0.024 
0.325 
0.475 
0.525 
0.540 
0.250 
0.385 
0.099 
0.135 
0.141 
0.091 
0.094 
0.112 
0,580 
0.910 
0.950 
0.580 
0.550 
0.734 
0.024 
0.054 
0.01S 
0.022 
0.000 
0.023 
0.080 
0.085 
0.055 
0.040 
0.022 
0.05B 
0.200 
0 . ^ 
0.170 
0.110 
0.080 
0.152 

CCWD. 

UHfflS 

139 
135 
197 

NO 
231 

ND 
191 
194 
154 
163 
154 
ND 

295 
175 
320 
229 
193 
,MD 

200 
237 
164 
247 
194 
NO 
33 
41 
34 
65 
65 
ND 
13 
12 
19 
15 
17 
ND 

250 
120 
171 
171 
351 

NO 

pH 

5.4 F 
.6.4 F 

7 F 
5.5 F 
6.3 F 

NO 
6.5 F 
6.7 F 
6.7 F 
5.7 F 
5.7 F 

ND 
6.4 F 
5.4 F 
5.5 F 
6.9 F 

ND 
ND 

6.4 F 
5.5 F 
6.5 F 
5.5 F 
6.5 F 

ND 
6.6 F 
5.3 F . 
6.2 F 
6.1 F 
6.4 F 

NT) 
6.5 F 
6.6 F 
5.3 F 
5.4 F 
6.5 F 

NO 
9.5 F 
7.8 F 
9.2 F 
9.1 F 

10.1 F 
NO 

TE^8> 

C 

ND 
12 
12 
13 

15.5 
NO 
ND 

11.5 
12 
13 
15 
NO 
.NO 
12 
13 

13.5 
17 
NO 
NO 
12 
13 
14 

15.5 
NO 

12.3 
12.3 
13.3 
14.3 

16 
ND 
13 

12.9 
13.5 
13.9 
15.5 

ND 
14,2 
14.5 
16.7 
16.1 

21 
NO 

SITE 

SW-3 

SW-3 

SU-8 

SU-& 

SU-8 

su-e 
SW-9 

SW-9 

SW-9 

SW-9 

SU-9 

SW-9 

SW-10 

SW-10 

SW-10 

SW-10 

SW-10 

3W-10 

SU-11 

SW-11 

SW-11 

SW-ll 

SW-11 

SW-11 

SW-12 

SW-12 

SW-12 

SW-12 

SW-12 

SW-12 

SW-13 

SW-13 

SW-13 

SW-13 

SW-13 

SW-13 

SEEP-1 

SEEP-2 

SttP-A 

t i iP-5 
SEC-fl 

SEC-B 

SEC-C 

SEC-D 

TIME 

625 
724 
824 
924 

1029 

COMP 

620 
710 
815 
910 

1015 

COMP 

630 
725 
825 
920 

1025 

COMP 

640 
735 
335 
930 

1035 

COW 
fiS5 

7S0 
850 
940 

1055 

COMP 

610 
715 
810 
915 

1010 

COMP 

1130 

1145 

U S 
1200 

1000 

1007 

1007 

1011 

FLOW 

CFS 

0.000 
0.000 
0.000 
0,000 
0.000 
0.000 
0.041 
0.037 
0.033 
0,013 
0,013 
0,027 
0.930 
1,150 
1.2E0 
0.380 
0,630 
3,?b4 
0,550 
0,230 
0. 107 
0,115 
0.082 
0.217 
0.176 
0.197 
0.185 
0.160 
0.137 
0,171 
0.120 
0.140 
0,155 
0.125 
0,120 
0.132 

ND 
ND 
ND 
ND 

0.1^0 
9.005 
0.002 

•0,005 

COND. 

UHMOS 

ND 
•ND 
ND 
ND 
ND 
NO 
46 
44 
42 
48 
52 
ND 

225 
197 
183 
203 
i-ij 

ND 
ND 

624 
390 
411 
379 

ND 
303 
301 
308 
272 
284 

ND 
305 
295 
271 
310 
255 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 

Brt 

ND 
NO 
ND 
ND 
ND 
ND 

6.4 
5.4 
6,5 
6,5 
6.5 

ND 
6.4 
6,7 
5.8 
5,9 
7, ; 

ND 
S.45 F 
5,45 F 
6.3 F 
7,2 F 

5,75 F 
ND 

7,1 
7,2 

7 
7.1 

7 
ND 

6.7 F 
6.5 F 

7 F 
6.4 F 
6.4 F 

ND 
ND 
ND 
ND 
NO 

6.3 F 
6.5 F 
5.5 F 
5.9 F 

TEi^ 

r 

NO 
MD 
MD 
ND 
NO 
ND 
13 

12.5 
12.1 
12.7 
13.2 

ND 
12.4 
12.2 
i ^ » 

!£,2 
' ".2 

NO 
11,3 

ND 
ND 
ND 
ND 
ND. 
ND 
ND 
ND 

ND 
ND 
ND 
10 

12.5 
11,5 

13 
13 
ND 

12,2 
11,7 
17.2 
17,2 

15 
13 

13,8 
15,2 

. y 



Sur face water s a f j o l i n g , event 2 on 3 / 2 2 / 8 8 , 

SITE TIME FLOW COND. pH TEMP 

CFS LHMOS C 

SW-1 
SW-1 

SW-1 
SW-l 
SW-1 

SW-1 

SW-1 
SW-1 

SW-2 
SW-2 
SW-2 
SW-2 

SW-2 
SW-2 

SW-2 
SW-2 

SW-3 
SW-3 
SW-3 
SW-3 
SW-3 
9,̂ -3 
SW-3 

SW-3 
SW-4 

SW-4 

SW-4 
SW-4 
SW-4 
SW-4 

SW-4 

5W-4 

SW-5 
SW-5 
SW-5 
SW-5 
SW-5 
SW-5 

SW-5 

SW-5 

SW-5 
SW-6 
SW-6 
SW-5 
SW-6 
SW-6 
SW-6 

3W-6 
SW-7 

SW-7 
SW-7 
3W-7 
3W-7 
SW-7 
SW-7 

SW-7 

1520 
1725 
1805 
1900 

2005 
2055 
2105 
COMP 

- 1540 

1545 
" 1740 

1830 
1S4S 
2030 
2130 
COMP 

1555 
1655 
1755 
1853 
1555 

2045 
2155 
COMP 

1530 

1630 
1730 
1830 

1945 
2030 
2130 
CCMP 

1538 
1630 
1730 
1830 
1930 
2030 

2130 
COMP 

1600 
1700 

1805 
1900 
2000 
2100 
2200 
CO,MP 

1555 

1555 
1755 

1855 
1955 
2055 
2155 

COW 

0.030 
0,100 

0,075 
0.040 

0.040 

0.100 

0.750 

0.162 

0.110 
0.330 ' 
1.180 
0.730 
0.500 
0.220 
0.490 

0.530 
0.070 

0.300 
0.180 
0.100 

0.120 
0,150 
0.120 

0.149 
0.350 

0.310 
1.500 
0.900 

0.350 
0.470 

0,750 
0.651 
0.004 

0.026 
0.024 
0.014 
0.0^ 

0.045 
0.^9 

0.018 
0.020 

0.160 

0.100 
0.040 

0.030 
0.150 

0.030 
0,077 
0.050 
0.220 
0.190 

0,150 
0.130 
0.190 
0.150 

0,156 

217 F 
127 F 

147 F 
197 F 

220 F 
131 F 
194 F 

ND 
205 F 
175 F 

113 F 
148 F 
171 F 
177 F 

158 F 
ND 
273 F 

250 F 
100 F 
184 F 

233 F 
252 F 
212 F 

ND 
258 F 
238 F 

151 F 
173 F 

220 F 
243 F 
187 F 

ND 
152 F 
172 F 
25 F 
34 F 
48 F 
71 F 

ND 
NO 
45 F 
15 F 
19 F 

30F 
25 F 
25 F 

35 F 
NO 

1130 F 

101 F 
199 F 
133 F 
345 F 
114 F 
238 F 
NO 

6.8 F 

5.6 F 
6.5 F 
6.7 F 

5.9 F 
6.8 F 

6.6 F 
NO 
6.7 F 
6.6 F 
5.9 F 
5.9 F 
6.9 F 
5.9 F 
6.9 F 

NO 
6.8 F 
8.5 F 
6.9 F 
6.9 F 
6.9 F 
6.9 F 

6.9 F 
ND 
6.6 F 
5.4 F 

6.9 F 

6.9 F 
5.9 F 
7.0 F 

6.9 F 
NO 
6.3 F 

7.0 F 

7.4 F 
3.0 F 

7,8 F 
3.2 F 

NO 
NO 
8.0 F 
7.1 F 
8.9 F 

8.5 F 
8.9 F 
8.1 F 
6.8 F 

NO 
10.3 F 
7,1 F 
9.4 F 
9,3 F 

9.9 F 
8.0 F 
9.6 F 

ND 

10.6 
10.0 
10.2 
10.2 

10.0 
9.0 
9.6 
ND 

10.0 
10.0 
9.8 
9.3 
8.9 
8.5 
3.5 
ND 

10.0 

10.0 
10.0 
9.5 
6.8 
9,0 
8,9 
NO 

10.2 
10.0 

9.8 
9.4 
3,3 
8.6 
8,4 
ND 

11.7 

11,0 
10,3 
9.8 
6.8 
8.3 
ND 
NO 

11.8 
10.7 

10.2 
9.3 
9.2 
8.5 
8.5 
NO 

22.7 
11.5 
15.0 
15.1 
17.7 

11.0 
14.7 

NO 

SITE 

SW-3 

SW-8 

SW-S 
SW-3 

SW-8 
SW-8 

SW-8 
SW-9 

SW-9 
SW-9 
SW-9 
SW-9 

SW-9 
SW-9 
SW-10 

SW-10 
SW-10 

SW-10 
SW-10 

SW-10 
SW-10 
SW-11 
SW-11 
SW-11 

SW-ll 
SW-11 

SW-11 
SW-11 

SW-12 
SW-12 
SW-12 
5W-12 

SW-12 
SW-12 

SW-12 
SW-13 

SW-13 
SW-13 

SW-13 
SW-13 

SW-13 
SW-13 

SH-13 
SEEP-1 
b'ttP-2 
SEEP-3 
SEEP-4 

SktP-S 

SEC-fl 
SEC-B 
SEC-C 

SEC-D 

TIME 

1215 

1545 
1645 
1745 

1845 
1945 
COMP 

1530 
1540 

1745 

1905 
2010 

2130 
COW 
1550 

1555 
l/b5 
1920 
2020 
2145 
COMP 
1605 

1715 
1805 
1940 
2040 

2210 
CCMP 

1620 
1725 

1820 
1950 
2110 
PP20 
COW 
1610 
1705 

1815 

1910 

2020 
2105 
2215 
COMP 

1425 
1410 

1405 
1400 

1345 
2115 
2015 
2017 

2120 

TLOW 

CFS 

0.000 
0.000 

0.000 

0,000 
0,000 
0.000 

ND 
0.000 

0.050 

0.055 
0.007 
0,000 

0,000 

ND 
0.320 

1.300 
1.400 
0,970 

0.550 
0. 500 

ND 
0.560 
0.020 
0.180 
0,150 

0.000 
0,020 

ND 
0.105 
0.291 

0.212 
0,135 
0,181 
0.153 

ND 
0.100 

0.150 

0.170 

0.110 

0.110 
0.110 

0.110 
0.123 
0,000 
0,000 

0,000 
0.000 
0.000 

tJD 
ND 
ND 
ND 

COND, 
UHKCS 

ND 
?JD 
ND 
ND 
ND 
ND 
ND 

1056 

1600 
81 
58 
233 
109 
109 
333 
204 
•51 
214 
236 
160 
ND 
437 
1823 
450 
357 
NO 

60000 
ND 
294 
325 
266 
207 
244 
157 
ND 

239 F 
237 F 

225 F 

213 F 

223 F 
228 F 
233 F 

ND 
300 F 

660 F 
838 F 
711 F 

745 F 
177 F 
167 F 
317 ? 
TSF 

on 

ND 
ND 
ND 

m 
ND 
ND 
ND 
6.9 
6.9 
7,1 
7,0 
0,9 
6.5 
6.9 
7.1 
7.1 
7.1 

-1 
1 • 1 

7,1 
ND 
7.2 
5,7 
6.6 
5.7 
ND 
7,1 
ND 
7,1 
5,2 
7.0 
7,1 
•7.1 

7.2 
ND 

• 6.3 F 

ND 
6,7 F 

6,9 F 

6.9 F 
6,9 F 
7,0 F 

ND 
5.8 F 
6,5 F 

5,9 F 
7,5 F 

5,6 F 
7,4 
6.5 
6.7 
5.9 

"ENP 
__.̂  C 

ND 
ND 
ND 
ND 
ND 
.ND 
ND 

11.0 

11.0 
10.5 

9.3 
9.3 
6.9 
3.9 
ND 
\D 
ND 
8.5 
3.3 
"i.-i 
ND 

11.0 

;0.8 
10,5 

6.9 
ND 
8,5 
ND 

] ^ . 2 

5,2 
10.5 
£,5 
5,5 
5.3 
ND 
5,6 
10.0 

9,5 
5,4 
5.1 
9.2 
9,0 
ND 
9.2 
9.0 
9,1 
5,7 
10,0 

ND 
ND 
ND 
ND 



SURFACE WATER METALS DATA 
(dissolved and total) 

Station identification notes: 

SEC A = 2'»A = 2 deg. A = 2A = secondary outfall A 
SW-13FD = field duplicate of SW-13 
SW-RB = SW-70 = rinsate blank 
SP-6A = tunnel seep A 
SP-6B == tunnel seep B 
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E8.00 

20 .30 

i 5 2 . 0 0 
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ppa 

0.0B0O< 

0.1250 
0,0900 
O.llOO 
0.0600; 

O.OB00-; 
O.0BOO< 

O.OBOO; 

O.OB0O{ 

o.oBoo; 
O.OBOO< 

0.0&00< 

O.OBO0< 
0.0800-; 
0.2fcOO 

o.teoo 
0.2500 

C.OBOO< 
0.1750 

O.OBOO; 
0.0600; 
O.OSO0< 
o.ocoo; 

Ariani: 
ppa 

0.725 

1.630 
0.3i0 
2.130 

0.J50 

0.223 
0,725 

43.BOO 

0,141 
0.119 

0.245 

0.133 
0.613 

0.310 
1.030 
2,750 

1.250 

6.130 
3.630 

0,345 
0.12i 
0.131 

0,004; 

CadiDiuiii 

ppa 

O.OOBO 
0.0240 
0.0340 
0.0310 
0.0030 

0.0010 

0.0030 

0.1650 

0.0010 

O.JOIO 

0.0040 
0.0030 

o.ooao 
0,0010 

0.0110 
0,0250 

0.0150 

0.2340 
0.0500 

0.0050 
0.0010 
0,00:0 
o.;iOi>; 

Copper 

FP» 

1.630 

4.630 
1.200 
2.340 
:.080 

0.275 
0.124 

28.BOO 

0.241 

O.iBfc 

0.3.i3 

0,256 
1,360 

1,300 
2.880 

6,250 
3.360 

12.600 

5.630 
0,389 

0,125 
0,125 
0,00[.< 

Lead 

ppa 

0.350 
l.fcCO 
O.iBB 
0.943 
0. IBS 

0.075 
0.025 

B. 500.7 

0.075 
0.050 

0.125 
0.075 

0.2BB 

0.175 
0.550 
1. 4fi:/ 

1.000 

0.3SB 
1.160 

0.075 
0.050 

0. o:8 
0,005-; 

Jlsfcury 

ptjC 

0.7000 
3.6000 
0.5C00-; 
3.1000 

l.oOOO 
1.7000 

0.5000 

230.0000 

0.5000; 

0.5000-; 

i.60i0 

0.5000 

1.0000 

O.SJOO 

1.5000 
3.BOO0 

1.1000 
3.0000 

9.60;;0 

O.tOOO 
0.5000: 
0.5000. 

0.5000-. 

Nickel 

PPA 

0.0300 
0.1100 
0.1500 
0.0600 
0.0300; 

0,0300 
0.0300-; 

0.3000 

0.0300; 

0.0300; 

0.0300; 
0.0300< 

0.0300< 
0.0300; 

0.04 ;io 
0,0600 
0.1900 

0.0900 

O.OBOO 
0.0300; 
C.0300; 

0.0300; 
0..-i300: 

Zinc 

ppa 

0.175 

1.350 
2.600 
0.S50 
0.091 

0.073 
0.055 

6.300 

0.106 

0.1 OB 

0,146 

0.i31 

0.440 

0.153 
0.360 

0.93B 
0.650 
6.300 

1.610 
0.260 

0,049 

0,046 

0.003 



SURFACE WATER EftMFLES {TOT.AL METALSJ-ASARCU 

Eta Id 

SEC A 

SEC B 

EEC C 
SEC D 

SP-1 

BP-2 

SP-3 

SF-4 

SP-5 

SH-01 

£«-02 

BW-03 

Sti-04 

S«-05 

E«-C4 

EM-07 

EW-t9 

SW-10 

SW-ll 

SH-llG 

E.«-12 

SH-13 

SW-:.3FD 

3il-RE 

Aiil Eve.'.t 

TCT ROUND-2 
TDT ROUND-2 

TDT F..0LIND-2 
TOT ROUMD-2 

TOT ROUND-2 

TCT RTO;D-2 

TOT ROUND-2 

TDT RDUKD-2 

TOT RDUKD-2 

TDT RDuND-2 

TOT RLIUHC-2 

TDT ROUND-2 

TOT RDOND-2 

lOT ROLND-2 

TOT R0i:MD-2 

lOT RilliNr-2 

TOT RDUNLI-2 

TDT R0U:'JD-2 

TOT F;0U!iB-2 

TOT R0UNi:-2 

TOT ?,&t:.?iD-2 

"OT R0U?D-2 

TDT R-:IU>;D-2 

TOT ROUND-2 

Ant isonv 

pps 

0.1380 

0.1380 
O.OBOO 
0.1750 

O.OE0O< 

O.OBOO; 

O.OB00< 

O.OBOO 

o.cBoo; 
O.OBOO; 

0.0B00< 

0.OB0O< 

o.oeoo< 
0.OB3O 

O.OBOO-; 

o.oeoo 
0.4750 

0.0B05< 

0.0.300 

o.oeoo< 
0.0BOO; 

o.oBOf; 

0.0300; 

O.OBOO; 

ftrse.iic 
PPI, 

1.380J 

C.B50 

0.265 
1.750J 

0.023 

0.086 

0.26B 

0.875 

0.315 

0.153 

0.115 

0.273 

0.228 

1.380J 

0,203 

0.359 

0.6BS 

1. 3B0J 

5.3E0J 

11.125 

2.6503 

0.078 

0.053 
0.004; 

Cadjii'jA 

spii. 

0.0140 

0.0300 

0.0400 
0.02BO 

O.OOIO 

0.0010 

0.0030 

0,0030 

0.0030 

0.0030 

0.0-030 

O.OOiO 

0.0040 

0.0310 

i;i.0:'30 

0.0040 

0.0110 

0.0260 

0.3500 

0.0110 

O.ObQO 

O.OOiO; 

0.0010' 

0.00-Ov 

Coppar 

PP* 

3.380 

5.000 

1.340 
2.750 

0.059 

0.03E 

0.026 

0.CB3 

0.038 

0.375 

0.425 

0.475 

0.488 

2.940 

0.913 

0.925 

2.940 

2.690 

24,750 

0.3:33 

4.750 

0.;i54 

0.056 

O.OOE; 

Lead 

ppru 

0.763 

0.625 
0.200 
1.000 

0.010 

0.005 

0.005< 

0.025 

0.009 

0.125 

0.125 

0.20c 

0.125 

0.550 

O.iOO 

0.150 

0.650 

0.413 

0.336 

0.005N 

0,338 

0.025 

0,026 

0.005-; 

Harcury 

ppb 

0.7000 

I.1000 

0.5000; 
2.5000 

0.5000; 

0.50000 

0.5000; 

0.5000; 
0.3000; 

O.iOOO 

0.5000< 

1.9000 

0.8000 

2.400O 

0,5000< 

0.5000; 

O.AOOO 

2.4000 

2.3000 

0.7000 

3.6000 

0.5000; 

0.5000< 

0.5000. 

N i [ ke l 

pp.3 

0.0300; 

0.1130 

0.1000 
0.0300( 

O.OJOJ< 

0.0300; 

0.0300< 
0.0300; 

0.03CO< 

0.0300; 

0.0300; 

0.0300; 

0.0300 

0.0300 

0.0300; 

0.0300-; 

0.0400 

0.0300 

0.1630 

C.0300 

0.0300 

0.0300< 

O.OJOOv 

0,0300; 

l i n e 

pps 

0.263 

2,410 

2,130 
0.500 

0,016 

0.036 

0.015 

0.055 

0.075 

0.131 

0.20E 

O.IBB 

0 .2 i l 

l . t iO 

0.123 

0.215 

0.325 

1.050 

21,600 

0.313 

3.440 

C.039 

0.023 

O.OOB; 
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0.025 0 
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0.051 0 
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SURFACE WATER ORGANICS DATA 
(acids, base/neutrals,PCB) 

Station identification notes: 

DUPLICAT = SW-13FD = field duplicate of SW-13 
SEC A = 2**A = 2 deg. A = 2A = secondary outfall A 
MB-SW = method blank for round 1 
METH-11 = method blank for round 2 
SW-70 = SW-RB = rinsate blank 



SURFACE HATER SAMPLES - (ACIDS) 

Sta Id Ani Event 

DUPLICAT TOT ROUND-1 
ne-EM 
SEC A 
SECB 
SECC 
SECO 
SP-I 
SP-2 
SP-4 
SP-5 
SM-Dl 
SH-02 
SH-03 
SM-04 
SH-04 
SH-07 
SH-OB 
SH-09 
SU-11 
5H-i2 
5H-I3 
SH-70 

HETH'-II 
SH-03 
SH-0& 
SH-I(^ 
SH-11 
SH-70 

TOT ROUND-1 
TOT ROUND-1 
TOT ROUND-1 
TDT ROUND-1 
TOT ROUND-1 
TOT ROUND-1 
TOT ROUND-J 
TOT ROUND-1 
TDT ROUND-1 
TOT ROUND-1 
TOT ROUND-1 
TDT ROUND-1 
TOT ROUND-1 
TOT ROUNO-1 
TDT ROUND-1 
TOT ROUND-1 
TOT ROUND-i 
TDT ROUND-1 
TOT ROUND-i 
TOT ROUND-1 
TDT ROUND-i 

TOT ROUNO-2 
TDT ROUHD-2 
TDT RDUND-2 
TOT ROUNO-2 
TOT ROUND-2 
TOT RDUND-2 

Penta 
chloro 
phenol 

ppb 

50.00< 
50.00< 
!00.00< 
50.0D< 
50.00< 
50.00< 
50.00< 
50.00< 
50.00< 
50.D0< 
50.00< 
50.00< 
50.00< 
50.00< 
100.00< 
50.00< 
SO.OD< 
50.00< 
iO0.O0< 
50.(»0( 
50.00< 

200.00( 

50.00< 
50.00< 
50.00< 
j;o.oo< 
100.00< 
50.00< 

Phenol 
ppb 

10.00( 
10.00< 
20.00< 
10.00< 
10.00< 
10.00{ 
10.00< 
10.00{ 
10.00( 
IO.OD< 
I0.00< 
10.00< 
10.00< 
10.00( 
20.00< 
]0.00< 
10.00< 
10,00< 
20.00< 
iO.OO< 
10,00< 
40.00< 

lO.OOl 
I0.00< 
10,00( 
10.00( 
20.00< 
I0.00< 

2,4,5-Tri 
chloro 
phenol 

ppb 

50.00; 
50.00< 
100.00< 
50.00< 
50.00< 
50.00< 
50.00( 
50.00< 
50.00( 
50.00{ 
50.00; 
50,00< 
50,00< 
50.00< 
100.0C< 
50,00< 
50.00( 
50.00< 
100.00; 
50.00< 
50.0('< 
200.00< 

50.00( • 
50.00( 
50.00< 
50.00< 
100.00< 
50.00( 

2,4,fc-Tri 
chloro 
phenol 

ppb 

10.00( 
10.00; 
20.00< 
lo.oo; 
10.00( 
I0.00< 
10,00< 
lo.oo; 
lo.oo; 
10.00< 
10.00< 
10.00< 
10.00< 
10.00< 
20.00( 
10.00< 
10.00< 
10.00< 

• 20.00< 
iO.OO< 
I0.00< 
40.00< 

10.00< 
10.00( 
10.00< 
10.oo; 
20.00< 
10.oo; 

Diphenyls 
ppb 

10.DON 
lO.OON 
20,00N 
lO.OOH 
10.DON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
20.00N 
lO.ODN 
lO.OOH 
lO.OON 
20.00N 
lO.OON 
lO.OON 
40.00N 

lO.OON 
lO.OON 
lO.OOH 
lO.ODH 
20.00N 
lO.OON 

Dibenzo 
thiophene 

ppb 

lO.OON 
lO.OON 
20.00N 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
10.0011 
20.DON 
lO.OON 
lO.OON 
lO.OON 
20.00H 
lO.OON 
lO.OON 
40.00N 

lO.OON 
lO.OON 
lO.OON 
lO.OON 
20.00H 
lO.OON 

Dinethyl 
analine 

ppb 

lO.OCN 
lO.OON 
20.DON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
20.0DN 
lO.OON 
lO.OON 
lO.OON 
20.00N 
lO.OON 
lO.OON 
40.00N 

lO.OCN 
lO.OON 
lO.OCN 
lO.ODN 
20.00N 
lO.OON 

Hethyl 
phenan 
threnes 

ppb 

10.00 
10.00 
20.0DN 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.ODH 
lO.OON 
lO.OON 
20.00N 
lO.OON 
lO.OON 
lO.OON 
20.00N 
lO.OON 
lO.OON 
40.0DN 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
20.00N 
lO.OON 

1 nethyl 
(2-«ethyl 
ethylbeni 

ppb 

lO.OON 
lO.OON 
20.00N 
lO.OON 
lO.OON 
lO.OOH 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
lO.OON 
20.DON 
lO.OON 
lO.OON 
lO.OOH 
20.00N 
lO.OON 
lO.OON 
40.0DN 
lO.OON 

lO.OON 
lO.OON 
lO.OON 
20.00N 
iO.OON 



SURFACE HATER SAMPLES - <AC1DB) 

Sta Id Ani Event 

DUPLICAT TOT RDUND-1 

NP-SH 

SEC A 

SEC h 

SECC 

SEC 0 

SP-1 

BP-2 

SP-4 
SP-5 
SH-01 

SH-02 

SH-03 

5H-04 

SU-C& 

SH-07 

su-oe 
SH-09 
SH-11 

SK-12 

SH-13 

SW-70 

HETH-11 

SH-05 
5U-C6 

SH-10 
SU-11 

SH-70 

TOT ROUND-1 

TOT ROUND-i 

TOT ROUND-1 

TOT RDUND-1 

TOT ROUHO-1 
TOT FOUND-1 

TOT ROUND-1 
TOT ROUND-I 
TOT ROUHD-1 

TOT ROUND-i 

TOT ROUND-i 

TOT ROUNO-I 
TOT ROUND-I 

TOT ROUND-i 

TOT ROUNO-1 

TOT RDUND-1 

TOT ROUHD-1 

TOT ROUND-1 

TOT ROUND-i 

TOT ROUND-i 

TOT ROUND-1 

TDT ROUND-2 
TOT RQUNO-2 

TOT RDUND-2 

! TOT ROUND-2 

TOT ROUND-2 

TOT RDUND-2 

Benzoic 

Acid 

ppb 

50.00< 

50.00< 

lOO.OOC 

50.00< 

50.00< 

50.00( 
50.00< 

50.00< 
50.00< 
50.00< 
50.00< 

50.00< 

50.00< 

50.00< 

100.00< 

50.00< 

5:).00< 

50.00{ 

100.00< 

50.00< 

SO.OOi 

200.00; 

50.00( 

50.00< 
50.00; 

50.oo; 
100.00< 

50.00< 

2-C.hloro 

phenol 

ppb 

lo .oo; 
10.00< 

20.00( 

10.00< 

I0.00< 

10.00< 
i0.00< 

I0.00< 
10.00< 
10.00< 

iO.OO< 

10.00( 
10.00< 

i0.00< 

20.00{ 

10.00< 

lo .oo; 
10.00< 
20.(«0< 

I0.00< 

lo .oo; 
40.00< 

10.oo; 
10.00< 
lO.OOi 
10.00< 

20.00< 

iO.OO< 

2.4-Di 

ch loro 

phenol 

ppb 

10.00< 

10.oo; 
20.00< 

10,00< 

10.oo; 
io .oo; 
10.00< 

10.00; 
lo .oo; 
10.00< 

10.00< 

10.00< 
10.00< 

10.00< 

20.00< 

10.00< 

lo .oo; 
10.00< 

20.00< 

I0.00< 

10.oo; 
40.00; 

10.00< 

10.00< 
10.00< 

10.oo; 
20.00< 

io .oo; 

2,4-Di 

BBlhvl 
phenol 

ppb 

10.00( 

10.eo; 

20.co; 

l o . o o ; 

10.00< 

iO.OO< 
I0.00< 

i o .oo ; 
10.00< 
10.00< 
10,00< 

10,00{ 

10.00< 

10,00< 

20,00< 

iO.O0< 

10,oo; 
10.00< 

20.00< 

IO.OO; 

10.00< 

40.or< 

10.00; 

10.oo; 
10.00< 
10.00< 
20.00; 

IO.OO; 

2,4-Di 

n i t r o 

phenol 

ppb 

50.00< 

10.m 
100.00( 

50.00< 

50.00( 

50.00< 

50.00; 

50.00< 
50.00{ 
50.00< 

50.00< 

50.00< 

50,00< 
50.00( 

100,00; 

50.00< 

50.00< 

50,00< 

100.00< 

50.00< 

50.00< 

200.0i)< 

50.0C< 

50.00; 

50.00< 
50.oo; 

I00.00< 

50.00< 

2- l le thy l 

phenol 

ppb 

10.00< 

10.00< 

20.00< 

10,00< 

i0.00< 

10.00< 
iO.OO< 

10,00< 

i o ,oo ; 
10.0D< 

i o ,oo ; 
io.oo< 
10.00< 

10.oo; 
20.00< 

l o .oo ; 
I0.00< 

l o .oo ; 
20.00< 

10.00< 

iO.OO< 

40.00; 

10.00< 
10.00< 

I0.00< 
10. OCX 
20.00< 

10.00< 

4-Hethyl 

phenol 

ppb 

10.00< 

10.00< 

20.00< 

10,00< 

10.00< 
10.00< 

10.00< 

I0.00< 
10.00< 
I0.00< 

10.00< 

I0.00< 

10.00< 
I0.00< 

20.00< 

10.00< 

10.00< 

I0.00{ 

20.00< 

I0.00< 

10.00< 

40.00< 

10.00< 

I0.00< 

10.00< 
10.00< 

20.00< 

I0.00< 

2-N i t ro 

phenol 

ppb 

iO.OO< 

I0.00< 

20.00< 

10.00< 

I0.00< 
10.00< 

I0.00< 

10.00< 
I0.00< 
10.00< 

10.00< 

10.00< 

10.00< 
10,00< 

20,00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.oo; 
10.00< 

40.00< 

10.oo; 
10.00< 

10.00< 

l o .oo ; 
20.00< 

10.00< 

4 -N i t r o 

phenol 

ppii 

50.00( 

50.00< 

100.00< 

50.00; 

50.00< 

50.00< 
50.00< 

50.00< 

50.00< 
50.00< 

50.00< 

S0.00< 
50.00< 

50.00< 

100.00< 

50.00< 

50.00< 

50,00< 

100,00< 

50.00; 

50.00; 

200.00< 

50,00< 

50.00< 

50.00< 

50,oo; 
iOO,00< 

50,00< 

4-Chloro-

3-aethyl 

phenol 
ppb 

i o ,oo ; 
I0.00< 

20.00< 

10.00( 

10.00< 

10.00< 

10.00< 
10.00( 
lo .oo; 
10.00< 

10.00< 

io.do< 
10.00< 
10.00< 

20.00< 

10.00( 

10.00< 

10.00< 

20.00< 

10.00( 

10.00< 

40.00< 

10.00< 

10.00< 

iO.OO< 

10.00< 

20.00( 

10.00< 



^araaetrii Inc. — Environtental Data Svstei 
SURFACE HATER SANPLES - (BASE NEUTRALS) 

Sta Id A'nl Event 

DUPLICAT tOT ROUND-1 

HB-SH 

SEC A 
SECS 

SECC 
SEC D 

SP-1 

SP-2 

SP-4 

SP-5 

SH-01 

SH-02 

SH-03 

SH-04 

SH-0& 

SH-07 

SU-OB 

SH-09 

Sl i - l i 

SN-i2 

SK-13 

SH-70 

HETH-li 
SH-OS 

SH-OA 
SU-10 

SK-11 

SN-70 

TOT ROUNO-1 

TOT ROUND-1 
TOT ROUND-I 

TOT ROUND-1 

TDT ROUND-I 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 
TDT ROUND-1 

TOT ROUND-1 

TOT RDUNO-1 

TOT ROUND-1 

TDT RDUND-1 

TOT ROUND-1 

TDT RDUND-1 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-2 
TOT ROUND-2 
TOT ROUNC-2 
TDT ROUND-2 

TOT ROUHD-2 

TOT ROUND-2 . 

Ace 
naphthene 

ppb 

10.00< 

10.00< 
20.00< 
lO.OOx' 

10.00< 

10.00< 

i0.00< 

10.00< 

I0.00< 

10.00< 

10.00< 

10.00< 

i0.0D{ 

10.00{ 

20.00< 

10.00< 

10.00< 

10. OIK 

20.00( 

10.0O( 

10.00( 

40.0D< 

i0.00< 
10.00< 

10.00< 
10.00< 

20.OIK 

10.00< 

Acenaph 
thy lene 

ppb 

10.00< 

10.00< 

20.00< 
10.00< 

I0.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

10.00/ 

10.00< 

20.00< 

10.00< 

10.00< 
40.00< 

10.00< 
10.00< 

10.00< 
10.00< 

20.00( 

10.00< 

Anil ine 

ppb 

10.00< 

10.00< 

20.00< 
10.0D< 

10.00< 

iO.OO< 
10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10,00< 

10,00< 

10,00< 

20.00< 

10.00< 

10.00< 

40.00< 

lo.oo; 
10.00< 
10.00< 
10.00< 

20.00< 

10.00< 

Anlhracne 

ppb 

10.00< 

10.00< 

20.00< 
10,00( 

10,00< 

10.00< 
I0.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

20.00< 

1C.00< 

10.C0< 

10.00< 

20.00< 

10.00< 

I0.00< 

40.00< 

10.00< 

10.00< 

10.00< 
10.00< 

20.00< 

10.00< 

Benzidine 

ppb 

80.00< 
B0.00< 

200.00< 
60.00< 

B0.00< 

B0.00< 
B0.00< 

B0.00< 

B0.00< 

80.00< 

B0.00< 

60.00< 

60.00< 

B0.00< 

160.00< 

B0.00< 

B0.00< 

B0.00< 

160.00< 

B0.00< 

B0.00< 

300.00< 

Bo.oo; 
B0.00< 

60.00< 
B0.00< 

U0.00< 

B0.00< 

Benzo(a> 

anthracne 
ppb 

10.00< 

10.00< 

20.00< 
i o . m 
10.00< 

10.00< 
10.00< 

10.0D< 

10.00< 
I0.00< 

]0.00< 

io.6o< 
10.00< 

10.00< 

20.00< 

10.00< 

i0.00< 

10.00< 

20.0D< 

I0.00< 

10.00< 

40.00< 

10.00< 

10.00< 

10.00< 
10.00< 

20.00< 

10.00< 

Benzo(al 
pyrene 

ppb 

10.00< 

10.00< 

20.00< 
lO.OON 

10.00< 

I0.00< 
10.00< 

10.00< 

10.00< 

lO.OOH 

10.00{ 

10.0D< 

I0.00< 

10.00< 

20.00< 
10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

iO.OO< 

40.00< 

10.00< 

10.00< 

10.00< 
10.00< 

20.00< 

10.00< 

Benzo(b) 
f l o o r 

anthene 

ppb 

10.00< 

. I0.00< 
20.00< 
lO.OON 

10.00( 

10.00< 
10.00< 

10.00< 

]0.00< 

lO.ODN 

10.00< 

10.00< 

10.00< 

10.00< 

20.00< 
10.00< 

10.00< 

10.00< 

20.00< 

]0.00< 

10.00< 

40.00< 

iO.OO< 
10.00< 

10.00< 
10.oo; 
20.00< 

10.00< 

Benzo 

(g,h, i» 
perylene 

ppb 

io.o6< 
10.00< 
20.00< 
lO.ODN 

10.00< 

10.00< 
i0.00< 

10.00< 

10.00< 

lO.OON 

10.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

10.00< 

20.00{ 

10.00< 

10.00< 

40.00< 

10.00< 

10.00< 
10.00< 
10.00< 

20.00< 

10.00< 

Benzo(k) 
f loor 

anthene 

ppb 

10.00< 

io.oa( 
20.00< 
lO.ODN 

10.00< 

10.00< 
10.00< 

10.00< 

10.00< 

lO.OON 
10,00< 

10.00< 

10.00< 

]0.00< 

20.00{ 

10.00< 

10.00< 

lo.oo; 
20.00< 

10.00< 

i0.00< 
40.00< 

10.00< 

10.00< 

10.00< 
10.00< 

20.00< 

10.00< 

Benzyl 

Alcohol 
ppb 

10.00< 

10.00< 
20.00< 
10.00< 
10.00< 

10.00( 

10.00< 

iO.00< 

lo.oty; 
10.00< 

10.00< 

10.00< 

lo.co; 
10.00< 

20.00< 
lO.OOC 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

40.00< 

10.00< 

10.00< 

10.00< 
iO.OO< 

20.00< 

10.00< 

b i s (2 - ch l 
oroethoiry 

Ue th i ne 

ppb 

10.00< 

10.00< 

20.00< 
10.00< 

10.00< 

10,00< 

10.00< 

10.00< 

iO,00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

I0.00< 

40.00< 

10.00< 

i0.00< 

10.00< 
1P.00< 

20.00< 

10.00< 



Paracetrii Inc. — Environiental Data Svstei 
SURFACE HATER SAMPLES - (BASE NEUTRALS) 

Sta id Ani Event 

DUPLICAT TDT ROUND-1 

HB-SH 

SEC A 
SEC B 

SECC 

SEC D 
SP-1 

SP-2 

SP-4 

SP-5 

SH-Oi 

SH-02 

SU-03 

5H-04 

SU-0& 

SH-07 

SU-06 

Sli'-09 

SH-l i 

SB-12 

SH-13 

SH-70 

HETH-11 

SU-OS 

SU-06 
SH-10 

S« - l l 

SH-70 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 
TOT F;0UND-1 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-i 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-i 

TOT ROUND-i 

TOT ROUND-1 

TOT ROUND-i 

TOT ROUND-1 

TOT ROUND-i 

TOT ROUND-1 

TOT ROUND-1 

TDT ROUHD-2 

TOT ROUND-2 

TOT ROUND-2 

TOT ROUND-2 

TOT ROUNO-2 

TOT RDUND-2 

b i6(2-ch l 

oroethyl) 

ether 

ppb 

10.00< 

10.00< 

20.00< 
iO.OO< 

10.00< 

10.00< 
10.00( 

10.00< 

10.00< 

10.00< 

10,00< 

10.00< 

10.00< 

10.00< 

20.00< 

iO.OO< 

i0.oo< 

iO.OO{ 

20.00< 

iO.OO< 

iO.OO< 

40.00< 

10.00< 

io .oo ; 

iO.OO< 

iO.OO< 

20.00< 

10.00< 

b is(2-ch l 

oroisopro 

pyDether 

ppb 

10.00< 

10.00< 

20.00< 

i o .oo ; 

10.00; 

10.00< 
10,00< 

i o . o o ; 

i o .oo ; 

i o .oo ; 

i0,0D< 

i o .oo ; 

10.001 

iO.O0< 

20.00< 

10,00< 

iO,00< 

io ,oo ; 

2C,00< 

.10.00< 

10.00< 

40.00; 

10.00< 

i o . o o ; 

i o .oo ; 

i o .oo ; 

20.00-( 

i o .oo ; 

b i s (2 -e th 

y lhexy l ) 

phthalate 

ppb 

10.00< 

10.00( 

110.00 

10.00< 

20.00 

10.00< 
iO.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

20,00< 

iO,00< 

10.00< 

10.00< 

20.00; 

10.00< 

iO.OO< 

40.00< 

10.oo; 

20.00 

10.00< 

10,00< 

20,00< 

i o . o o ; 

4-BroBoph 

enyl-phen 

y l ether 

ppb 

10.00< 

10.00< 

20,00< 

10,00< 

iO.OO< 

10,00< 
10.00< 

iO,00< 

10,oo; 

10,00-; 

10.00< 

10,oo; 

10.00< 

10.00< 

20.00< 

1C.00< 

10.00; 

10.00< 

20.00; 

10.00< 

i o . o o ; 

40.00< 

10.00< 

10.(iO< 

iO.OO< 
i o . o o ; 

2e.oo< 

10.00< 

Butyl 

benzyl 

phthalate 

ppb 

10,00( 

10,00< 

20.00< 

i0.00( 

10,00< 

i0.00< 
10,00< 

iO.OO< 

10.00< 

10,00< 

ic,oo< 

10,00< 

10,00< 

iO,00< 

20,00< 

10,00< 

iO,00< 

10,00< 

20.00< 

iO.OO< 

10.00< 

40.00< 

iO.OO< 

iO.OO< 

10.00< 

10.00< 

20.00-; 

10.C0< 

4-Chloro 

aniline 

ppb 

io.oo; 

10.00< 

20,00< 

10,00< 

10,00< 

10,00< 
10,00< 

io.oo; 

10.00< 

ic.oo; 

10.00< 

i0.00< 

10.oo; 

10.00< 

20.00< 

iO.OO< 

10.00< 

i0.00< 

20,00< 

10.00< 

10.00< 

40.00; 

10.00< 

io.oo; 

io.oo; 

10, oo; 

20,oo; 

io,oo; 

2-Chioro 

naphthlne 

ppb 

iO,00< 

10,00< 

20,00< 

10,00< 

10,00< 

10,00< 
i0.00< 

10,00< 

10.00< 

10,00< 

io.oo; 

10, oo; 

10,00( 

10,00< 

20,oo; 

10.00< 

10,00{ 

10,00< 

20,00< 

]0,00< 

10,00< 

40,00< 

10.00< 

10.00< 

io.oo; 

10.00-; 

20.00; 

10.00; 

4-ChlorD3 

henyl phe 

nyl ether 

ppb 

iO.OO< 

iO.OO< 

20.00< 

iO.OO< 

10.00< 

10.00< 
iO.OO< 

iO.OO< 

10.00< 

10.00< 

iO.OO< 

10.00< 

10.00; 

iO.0O< 

20.00; 

10.00; 

io.oo; 

10.00; 

20.00; 

10.00; 

10.00; 

40.00< 

iG.oo; 

10.00< 

10.00< 

10.00< 

20.00; 

10.00< 

Chrysene 

ppb 

10.00< 

io.oo< 

20.00< 

10.0D< 

10.00< 

10. oa; 
iO,00< 

10,00< 

1G,00< 

10,00< 

10,00< 

10.00< 

10,00< 

10.00< 

20.00( 

10,00< 

10,00; 

10.00< 

20.00< 

iO,00< 

10,00; 

40.00< 

i0.oo< 

io.oo; 

10.00< 

10.00-; 

20.00< 

10.00< 

Dibenzo 

(a,h) 

anthracne 

ppb 

10.00< 

10.00< 

20.00< 

lO.ODN 

10.00< 

10.00< 
10.00; 

io.oo; 

10.00< 

lO.OON 

10.00; 

10.00< 

iO.OO< 

10,00< 

20,00{ 

10,C0< 

10,00< 

10.00< 

20,00; 

iO,00< 

10,00< 

40,00< 

10,00; 

10,00< 

10,00< 
•0,00< 

20,00-; 

10,00; 

Dibenzo 

furan 

ppb 

10,00< 

10,00< 

20,00< 

10,0D< 

10,00< 

10,00< 

10.00< 

10,00< 

10.00< 

10,00< 

10.00< 

10,00< 

10.00< 

10,00; 

20,00< 

10.00< 

10,00< 

10.00< 

20.00< 

10.00< 

10.00< 

40.00< 

10.00< 

10.00< 

10.00; 
10.00< 

20.00< 

10.00< 

!.2-
Dicloro 
benzene 

ppb 

10.00< 

io .oo ; 

20.00< 

10.0D< 

10,00{ 

10.00< 

iO,00< 

10,DO; 

10,00< 

iO,00< 

10,00< 

10,00< 

iO.OO< 

iO.OO< 

20.C0< 

10.0C< 

lO.OW 

iC,00< 

20,00< 

io,oo< 

10,00< 

40,00< 

10,00< 

10,00-; 

10,00< 

10,00< 

20,00< 

10,00< 



Paraaetrix Inc, -- Environiental Data Svstei 
SURFACE HATER SAMPLES - (BASE NEUTRALS) 

Sta Id Ani Event 

DUPLICAT TOT RDUND-1 

HB-SH 

SEC A 

SECB 

SECC 

5ECD 
SP-1 

SP-2 

SP-4 

SP-5 

SH-01 

SH-D2 

SH-03 

SH-04 

SH-0& 

SH-07 

SH-OB 

SH-09 

SH-li 

SH-12 

SH-13 
SH-70 

HETH-11 

SH-OS 

SH-Oi 
SH-10 

SH-li 

5H-70 

TOT ROUND-1 

TOT ROUND-1 
TDT ROUND-1 

TDT ROUND-1 

TOT ROUND-1 
TOT ROUND-1 

TDT ROUHD-1 

TOT ROUND-1 

TOT RDUND-1 

TDT ROUND-1 

TOT RDUND-1 

TOT ROUND-1 

TDT ROUNO-1 

TOT RDUND-1 

TOT ROUND-1 

TDT RDUND-1 

TOT ROUND-1 

TOT ROUND-i 

TOT ROUND-I 

TOT RDUND-1 
TOT ROUND-1 

TOT RDU)iD-2 

TOT ROUND-2 

TDT ROUND-2 
TOT ROUHD-2 

TOT ROUND-2 

TDT ROUND-2 

1,3-
Dichloro 
benzene 

ppb 

iO.OO< 

10.00< 

20.00< 

10.00{ 

10.00< 

}0.00< 
10.0D< 
10.00{ 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

20.00< 
10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

40.00< 

10.00< 

10.00< 

10.00< 
IC.OOC 
20.00< 

10.00< 

!,•-
Dichloro 
benzene 

ppb 

10.00< 

10.00< 

20.00; 
10.0D< 

10.00< 

10.00< 
lO.OOC 

io.oo; 
10.00( 

10.00< 

10.00< 

10.00< 

i0,C0< 

10.00< 

20.00< 

10.00< 

10.00< 

10.00< 

20.0D< 

10.00< 

10.00( 
40.00< 

10.00< 

I0.00< 

10.00< 
10.CO< 

20.00< 

10.00< 

3 , 3 -
Dichloro 

benzidine 

ppb 

20.00< 
20.00< 

40.00< 

20.00< 

20.00< 
20.00( 
20.00< 

20.00< 

20.00< 

20.00< 

20.00< 

20.00< 

20.00< 

20.00< 

40.00< 

20.00< 

20.00{ 

20.00< 

40.00< 

20.00< 

20.00< 

60.00< 

20.00< 

.20.00< 
20.00< 
20.00; 

40.00< 

20.00< 

Diethyl 
phthalate 

ppb 

, 10.00< 

10.00< 

20.00< 

10.00< 
10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

io.oo; 
10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

10.00< 

20.00< 

i0.oo< 
10.00< 

40.00< 

10.00< 

iO.OO< 

10.00< 
I0.00< 

20.00< 

IO.OO; 

Dioethyl 
phthalate 

ppb 

10.00< 

10.00< 

20.00< 

10.00( 

io.oo; 
10.00< 

10.00< 

10.00< 

10.0D< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

40.00< 

10.00( 

10.00< 

io.oo; 
10.00< 

20.00< 

iO.OO< 

Di-n-

Butyl 
phthalate 

ppb 

10.00< 

10.00< 

20.00< 

10.00< 

30.00 

10.00< 

10.00< 

10.00< 

10.00< 
10.00< 

10.0D< 

10.00( 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

I0.00< 
40.00< 

10.00< 

10.00< 

10.00< 
i0.0D< 

20.00; 

10.00< 

2,4-
Di n i t ro 
toluene 

ppb 

10.00< 

10.0D< 

20.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

i0.00< 

10.00< 

20.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

iO.OO< 

40.00< 

10.00< 

10.00< 

10.00< 
10,00< 

20.00< 

10.00< 

2 , i -
Dinitro 
toluene 

ppb 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

]0.00< 

10.00< 

10.00< 

I0.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

40.00< 

10.00< 

10.00< 
10.00< 
10.00< 

20.00< 

10,00< 

Di -n-

Octyl 
Phthalate 

ppb 

i0.00< 
10.0D< 

20.00< 

lO.OON 

10.00< 

10.00< 

10.00< 

10.00{ 

10.00< 

lO.ODN 

i0.00< 

10,00< 

10.00< 

10.00< 

20.00< 

10,00< 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 
40.00< 

1C.00< 

10.00< 

10,00< 
10.00< 
20.00( 

10.00< 

Fluor 
anthene 

ppb 

10.00< 

10.00< 

20.00< 
10.00< 

30.00 

10.00< 

10.00< 

10.00< 

10.00< 
10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

10.00< 

20.00; 

10.00< 

10.00< 

40.00< 

10.00< 

10.00< 

10.00< 
10.00< 

20.00< 

10.00< 

Fluorene 

ppb 

10.00< 

10.0(K 

20.00< 

S0.00< 

10.00< 

10,00< 

10.00< 

10.00< 

10.00< 
1C.00< 

10.00< 

10.00< 

10.0D< 

10.00< 

20.00< 

10.00< 

10.00< 

iO.OOx' 

20,00< 

i0,C0< 

i0.00< 

40,00< 

10,00< 

10.00< 
10.00< 
io.oo; 
20.00< 

iO.O0< 

Hexa 

chloro 
benzene 

•ppb 

10.00< 

10.00< 
20.00< 

10.00< 

10.00< 

10,00< 

10,00< 

10.00< 

iO.OO< 
10.00< 

10.00< 

10,00< 

iO,00< 

10,00< 

20,00< 

10.00< 

io,oo; 
10.00< 

20.00; 

i0.00< 

10.00< 

40,00< 

10.00< 

iO.OO< 

10.00< 
10.00< 

20.00< 

i0.0D< 



Paraietrix Inc. '- Environiental Data Svstei 
SURFACE UATER SAHPLES - (BASE NEUTRALS) 

Sta Id Ani Event 

DUPLICAT TOT RDUND-1 

HB-SH 

SEC A 

SEC B 

SECC 

SEC D 
SP-1 

SP-2 

SP-4 

SP-5 

SH-Oi 

SH-02 

SH-03 

SH-04 
SU-0& 

SH-07 

SU-OB 

SU-09 

SH-li 

SH-12 
SU-13 

SH-70 

HETH-li 

SH-05 
SK-06 
SU-iO 
SH-li 
SH-70 

TDT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 
TOT ROUND-1 

TOT ROUND-1 
TOT ROUND-1 

TOT ROUND-1 
TOT ROUND-1 

TDT ROUND-1 

TOT ROUND-i 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-i 
TOT ROUND-i 

TOT ROUND-i 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-i 

TOT ROUND-i 
TOT ROUND-1 

TOT ROUND-i 

TOT ROUND-2 
TOT ROUKD-2 
TOT ROUND-2 
TDT RDUNO-2 
TOT ROUND-2 
TOT RDUND-2 

Hexa 

chloro 

butadiene 

ppb 

10.00< 

10.0D< 

20.00< 

I0.00< 
10.00< 

10.00< 
io.oo; 
10.00< 

10.00< 

10.00< 

10.0D< 

10.00< 

i0.00< 

10.00< 

20.00< 
10.00< 

10,00< 

iO.OO< 

20,00< 
]0,00< 

iO,00< 
40,00< 

10,00< 
10.00< 
10.00< 
i0.00< 
20.00< 
10.00< 

Hexachlor 

ocyclopen 

tadiene 

ppb 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

10.00< 
10.00< 

10,00< 

10,00< 

10,00< 

io.oo; 
10,00; 

10,00< 

io.oo; 
20.00< 
iO,00< 

10.00< 

10,00< 

20,00< 

10.00< 

10,00< 

4o,oo; 
10,00< 
i0.00< 
10,00< 
10,00< 
20,00< 
10,00< 

Hexa 

chloro 

ethane 

ppb 

10.00< 
10.00< 

20,00< 

10.00< 

10.00< 

iO.OD< 
10.00< 

io.oo; 
10,00< 

10,00< 

10.00< 

10.00< 

10,00< 

10,00< 

20.00< 

10.00< 

iO,00< 

10,00< 

20,00< 

10,00< 

i0,00< 

40,00< 

10,00< 

10,oo; 
10,00< 
10,00< 
20,00< 
i c o o ; 

Indeno 

(1,2,3-cd 

Pyrene 

ppb 

10,oo; 
10,00< 

20.00< 

lO.OON 

iO,00< 

iO.OO< 
10.00< 

iO.OO< 

10.00< 

lO.OON 

10.00< 

10.00< 

iO.OO< 

10.00< 

20.00{ 

10.00< 

iO.OO< 

10.00< 

20.00-; 

10.00< 

io.oo; 
40.00; 

Ki.OO< 
10.00< 
10.00< 
io.oo; 
20.00< 

io.oo; 

ISO 

phorone 

ppb 

10.00< 
10.00< 

20.00< 

10.00< 

10.00< 

iO.OO< 
iO.OO< 

io.oo; 
iO.OO< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

20.00< 

io.oo; 
10.00< 

10.00< 

20.00< 
10.00< 

10.00< 

40.00< 

10.00< 
iO.OO< 
10.00< 
10.00< 

20.00; 

iO.OO< 

2-HEthyl 

naphthlne 

ppb 

10.00< 

10.00< 
20.00< 

10.00< 

io.oo; 
iO.OO< 
iO.OO< 

10,00< 

10,00< 

10.00< 

io.oo; 
10.00< 

10,00; 

10.00< 

20,00< 

io.oo; 
iO.OO< 

10.00< 

20.00< 

10.00< 

10.00< 

40.0C< 

iO,00< 
10,00< 
10,00< 
10,00< 
20,00< 
10,00< 

Naphthlne 

ppb 

io.oo; 
iO,00< 

20.00< 

10,00< 

1C,00< 

io.oo; 
iO.oo; 
io.oo; 
iO.OO< 
10.00< 

iO,00< 

iO.OO< 

10.C0< 

10,00< 

20.00< 

iO,00< 

10.00< 

10.00< 

20,00< 

10.00< 

io,oo; 
40,00< 

10, oo; 
10,00< 
io,oo; 
io.oo; 
20.00; 

10,00< 

2-Nitro 

anil ine 

ppb 

50.00< 

50,00< 

100.00< 

50.0D< 

S0.00< 

50.00< 
50.00< 

50.00< 

50.00< 

50,oo; 
50,00< 

50.00< 

50,oo; 
50.00< 

100.00< 
50.00< 

50.00< 

50.00; 

100.00< 

50.00< 

50.00< 

200.00; 

50.00< 
50.00< 
50.00< 
50.00; 

i00.00< 

50.00< 

3-NitrD 

ani l ine 
ppb 

S0.00{ 

50.00< 

100.00< 

50.00< 

50.00< 

50.00< 
50.00< 

50.00< 

50.00< 

50.00< 

50.00< 

50.00< 

50.00< 

50.0D< 

100.00< 
50.00< 

50.00< 

50.00< 

100.00< 

50.00< 
so.oo; 

200.00< 

50.00; 
50.00< 
50,00< 
50,00< 

100,oo; 
50.00< 

4-Nitro 
ani l ine 

ppb 

50,00< 

50.00< 

100.00< 

50.00< 

50.00< 

50.00< 
50,00< 

50,00< 

50,oo; 
so.oo< 
50,00< 

50,00< 

5o,oo; 
50,00< 

100,00< 

50,00< 

50,oo; 
50,00< 

100.00< 

50,oo; 
so.oo; 

200,00< 

S0,00< 
50,00< 
50.00< 
50,00< 

100,00< 
50,00< 

Nitro 

benzene 

ppb 

iO.OO< 

10,00< 

20.00< 

10.00< 

10.00< 

i0.00< 
10.00< 

10.00( 

10.00< 

io.oo; 
iO,00< 

10.00< 

10,00< 

10,oo; 
20,00< 

10,00< 

10,00< 

10.00< 

20.00< 

iO,00< 

10,00< 

40,00< 

10,00< 
i0.00< 
10.00< 
10.00< 
20.00< 
10,00< 

N-Nitroso 

di iethyl 
aiine 

ppb 

10.00< 

]0,00< 
20.00< 

i0.00< 

10.00< 

10,00< 
i0,00< 

iO.OO< 

10.00< 

10,00< 
iO,00< 

10,00< 

10.00< 

10,00< 
20,00< 

10.00< 

10.00< 

i0.00< 

20.00< 

10,00< 

10.00< 
40,00< 

10,00< 
10,00< 
iO,00< 
10,00< 
20,00< 
iO,CO< 



SURFACE HATER SAHPLES - (BASE NEUTRALS) 

Sta Id Ani Event 

DUPLICAT TOT RDUND-1 
HB-SH 

SEC A 

SECB 

SECC 

SECD 
SP-1 

SP-2 

BP-4 

SP-5 

SH-01 

5H-D2 

SH-03 

SH-04 

SH-Oi 

SB-07 

SH-OB 

SH-09 

SHMI 

SH-12 

SH-13 

SH-70 

HETH-11 

SH-05 

SH-06 
SH-10 

SH- i l 

SIJ-70 

TOT ROUND-1 

TOT ROUND-1 

TDT ROUND-1 

TOT ROUND-1 

TOT RDUND-1 
TOT ROUND-1 

TOT ROUNO-1 

TDT RDUND-1 

TDT ROUND-1 

TDT ROUND-1 

TOT ROUND-1 

TDT RDUND-1 

TOT RDUND-1 

TOT RDUND-1 

TOT ROUND-1 

TOT RQUHD-1 

TOT ROUND-1 

TOT ROUHD-1 

TOT ROUND-1 

TDT ROUND-1 

TDT ROUND-1 

TOT ROUHD-2 

TOT RDUND-2 
TOT ROUNO-2 
TDT ROUND-2 

TDT RDUND-2 

TOT ROUND-2 

N-Hitroso 
d ipropy l 

a i i ne 
ppb 

10.00< 
10.00< 

20.00< 

10.0D< 
I0.00< 
10.00( 
10.00< 

10.00< 

10.00< 

]0.00< 

10.00< 

10.00< 

i0.00< 

10.00< 

20.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

40.00< 

10.00< 

10.00< 

io.oo; 
10.0D< 
20.00< 
10.00< 

N-Nitroso 
diphenyl 
Mined) 

ppb 

10.00< 
10.0D< 
20.00< 
10.00< 
I0.C0< 
I0.00< 
10.00< 
io.oo; 
10,00< 

10,00< 

10.00< 

10,00< 

10.00< 

10,00< 

20.00< 

10,00< 

10,00< 

lO.OOC 

2c.oo; 
. 10.00< 

10.00< 
40.00< 

10,00< 
10,00< 
10.00< 
io.oo; 
20.00< 

10,00< 

Phen 

anthrene 
ppb 

10.00< 
10.00< 

20.00< 
10.00< 

I0.00< 

1C.00< 
10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

10.00< 

20.00< 

10.00< 

10.00< 

40.00< 

10.00< 

io.oo; 
io.oo; 
10.00< 
20.00< 
10,00< 

Pyrene 
ppb 

10.00< 
10.00< 

20.00< 

10.00< 
I0.00< 

I0.00< 
10,00< 
10.00< 

10.00< 

]0.00< 

10.00< 

10.00< 

10.00< 

10,00< 

20.00-( 

10,00< 

io.oo; 
10.00< 

20.00< 

iO.OO< 

10.00< 

40.00< 

lO.OOC 

10.00'v 

10,00< 
1C.00< 

20.00< 

10.00< 

1.2,4-Tri 
chloro 

benzene 
ppb 

10.0D< 
10.00< 

20.00{ 

10.00< 
10.00< 

10.00< 
10.00<' 

iO.OO< 

10.00< 

10.00< 

10.00< 

10.00< 

10.00< 

io.oo; 
20.00< 

10.00< 

10.00( 

10.00< 

20.00< 

10.00< 

10.00< 

40.00; 

lO.OOC 

10.00< 

lO.OOC 
lO.OOC 

20.00C 

lO.OOC 

PCBs 
ppb 

2.00C 
l.00< 

2,00c 

2,C0C 

2,00< 
5.00c 
2.00< 

2.00c 

2.00c 

2.00c 

2.00c 

2.00C 

2.00; 

2.00c 

2.00c 

2.00C 

2.00c 

2.00C 

2.00c 

2.00c 

l.OOC 

5.00c 

5,00C 
5,0CC 

5.00c 

5,00c 



n 



SliRFICiftL SOIL E;,tiF'LES IHETftLS)-flEARCC 

St= id A.il Evert 

SHM-I-'M TDT m i U D - l 

EW;-5-TN TDT f:DUND-l 

SKJ-7-TH TOT SDLiN[i-l 

sHti-e-TM TCT m m - i 

EHWIO-Ttl TOT RCUfiD-l 

S«; i l i -TH TOT F>DLND-1 

SMW12-Tr; TCT ftCL'ND-l 

Sh;-;J13-:H TCT RD'OW-l 

E5-01-]>1 TCT RC;.'KD-1 

rtercurv 

ppb 

4470,0000J 

10400,OOOOJ 

32400.OCOOJ 

25tO.CCOCJ 

30E:0.00003 

2J70O.0OO0J 

2700.OOOOJ 

140.00003 

390000.OOOOJ 

SS-02-TN TOT FaiND-1 43BO0O,00eOJ 

SB-03-TH TCT ROUND-i 

SS-04-TK TDT RO'JND-l 

SS-Ofc-TCi TOT liOUND-1 

£3-Ca-TH TOT RCCfiD-1 

SS-OSATf, TOT F;0UK&-1 

3S-0?i:TH TOT ::Ca-.D-l 

SS-lO-TKi TCT RDUKL-1 

SS-;i~T,'! T3T RCW<D-1 

5S-12-Tff TO? ROUND-1 

33- i3-TH TOT RGUfiD-l 

SS- l i -TH TOT F;D'JND-i 

SS-19-TH W : RDJf iM 

ES-2C-TH TC; ROUND-1 

SE- i i -Th TOT RCoND-l 

SS-22-TM TOT ROUf.D-l 

ES-23-T:^ : TC" ROU;vD-l 

5S-2<!-Tn TO; F;:!;ND--

ES-:5-Th TCI KDLiND-i 

ES-24-Th TLT RGuND-1 

ES-2;-TK T2T RGOAD-I 

£S-2e-TK TOT ^OU^E-l 

EG-29-rfl TOi FiOlJND-l 

56300.OOOOJ 

13700.OOOOJ 

25B00.OOOOJ 

20700.OC003 

27300.OOOOJ 

33800.OOOOJ 

217000.-3000 J 

37.iC0. OOOOJ 

405000.OOOOJ 

i2400.OOOOJ 

7240.OOOOJ 

15400.OOOOJ 

495000.OOOOJ 

170000.OOOOJ 

ES700.050CJ 

107000.OOOOJ 

5040.OOOOJ 

111 00.OOOOJ 

10;:OCO.Oi;OOJ 

574000.OOOOJ 

97200.OOODJ 

27700. Of'OOJ 

Antiisony 

ppn 

19.0000 

13,0000; 

139.0000 

34.0000 

13.00CC; 

13.0000; 

13.0000.; 

13.0000; 

385.0000 

3350.0000 

790.OOOOJ 

41.0C00 

172.OOOOJ 

13.00C0C 

13.0000; 

13,0000; 

147.0000 

147,0000 

955.000.') 

47.0000 

25.0000 

13.0000; 

54B.0O0O 

540.000C 

i ls l ' . I'vvV 

2i3.0000 

i3.0000( 

i3.cco:< 
13.0000; 

7E.0O)O 

90,00l!0J 

i3.o;oo; 

Arssnic 

pp,Tl 

2;E.OOO 

205,000 

iOOOO.OOO 

3C.30.0C0 

121E.G00 

1145.000 

E33,000 

11.000 

2D700.000 

24225C.0.10 

17£25.COO 

33225.000 

J4975.00C 

1918.000 

13750.000 

iSiOO.iOO 

17225,000 

10825,OVO 

l i975.00C 

13525.000 

:09S,SOO 

5245,000 

23050.o;io 

21:75.000 

13125.000 

17175,000 

1^43,000 

^.25.00!, 

553J.00f 

10200.000 

•5'-5. :: ' \ ' 

2 4 L . 5 0 . 0 0 0 

Edd.siui. 

PPB 

2.2000J 

7.3000J 

I'.O.OOOOJ 

to.OOOOJ 

25.OOOOJ 

34.-OOOOJ 

12.OOOOJ 

0.4S00J 

343.000CJ 

2-JB.OCOOJ 

90.OOOOJ 

IB.OOOOJ 

90.OOOOJ 

. 3.OOOOJ 

73.OOOOJ 

B7.OOOOJ 

i48.0.;iOGJ 

E2.OOOOJ 

132. OOOOJ 

i23.v000J 

« B . OOOOJ 
. r. .-... ...,- 1 
, i ! . b ^ \ l j J 

;3B.OOOOJ 

3:5.OOOOJ 

i;8.OOOOJ 

193.0000! 

;2,OOOOJ 

t9,Cu.0J 

41.0000; 

i 12,00003 

ij.U'OOJ 

l i .ooot : 

ChrDEiam 

ppj, 

41.000 

45,000 

55.030 

142.000 

5E.00C 

82.000 

76.000 

43.000 

42.000 

2B.000 

89.000 

64.000 

78.000 

93.000 

92.000 

67.000 

49.000 

'40.000 

30.000 

53.COO 

39.000 

45.000 

37.000 

21.000 

52.0(0 

;3.ooc 
4^.000 

54.0UO 

52.000 

40.000 

4c.0:i0 

44.000 

r.opjisr 

pp-i 

2593,000 

336:::. COO 

13'KtO,(00 

11025.CVO 

lt.35.C00 

495,000 

3270.000 

41.0y.j 

12250.000 

17200.000 

37375.000 

19000,000 

25425.000 

155.000 

9500.000 

10700,000 

9025.000 

7050,000 

8275.000 

5379.000 

311E.000 

4435. OvO 

7050.000 

5725.0.:-0 
/ I ' -p r.,-,-1 

ME.-a^O 

lL:5,';0i:-

^4-3,000 

m-i.Ki 
'c.^r ,-.-.,-. 

Lef.d 

m 

250.000J 

4i5.000J 

22400.0003 

5500.C03J 

.235.00&J 

513,00OJ 

1030.OOOJ 

12.000J 

17975. OOC-J 

6450. .SOCJ 

S750.00CJ 

24i3.0;iOJ 

4000.OOOJ 

5i>.0C0J 

130.OOOJ 

137.GOGJ 

7E0O,OOOJ 

5775.OOOJ 

22225,0000 

4i0&.000j 

D375,000J 

1423.M!)J 

(325,0003 

i9(;0O.000J 

7250.JOOJ 

14:5.000; 

7:9.OOOJ 

i i y i . : m : 
lYl i . !^m 
4;'oo,oooj 
3550.00; J 

2550,OOJ] 

http://3C.30.0C0
http://lt.35.C00


SURFICIAL SOIL SAMPLES (HETALS)-flSflRCO 

Sta id Ar.l Event 

Harcurv 

ppb 
Antiaony 

pps 

flr-er.ic 
ppo 

Jadsiufl 

ppi 

ChrosiurD 

PP» 

Coppar 
ppi 

Lead 

pps 

43200.OOOOJ 

11300.OOOOJ 

5270.OOOOJ 

SB-3.0-TH TOT ROUND-1 34900.OOOOJ 
SS-31ATM TOT ROUND-1 159000.0000J 
SS-31BTH TOT ROUNO-1 146000.OOOOJ 
SS-32-TH TOT RDUND-l 4960.OOOOJ 

SE-33-TH TDT ROOSD-1 
SS-34-TH TDT ROUND-i 

SS-35-TH TDT ROUND-1 

SE-34-7K TOT ROUND-i 44400O,0COOJ 

SS-37-TH TCT ROUND-1 6650.OOOOJ 
SS-33-TH TOT RGUND-i 171000.OOOOJ 

SE-39-TH TOT ROUND-S 15900.OOOOJ 

ES-40-Th TOT ROUKD-1 211000.OOOOJ 

SS-41-TM TOT ROUND-1 104000.OOOOJ 
SS-42-TH TOT RDUND-1 119000.OOOOJ 
SS-43-TH TOT fiOUND-1 44700.OOOOJ 
BS-44-TH TOT FiOUND-l 5B300.0000J 

SS-45-TH TOT ROUXD-1 183000.OOOOJ 
SE.-44-TH TOT RO'JND-1 70500.OOOOJ 

SS-47-TH TDT ROUND-1 8B200.OOOOJ 

SS-4B-TK TOT RDUND-1 
SS-49-TH TOT ftOUND-l 
SS-50-TK TDT ROyND-1 
SE-51-rM TOT RCUND-1 
ES-52-Ti'; TOT ROUND-1 
SS-53-TM TCT ROUND-1 
SS-34-TH TDT F.ClifiD-l 
SS-55-T!-; TCT RDUND-1 

3S-5 i -TM TOT R O J N D - 1 

SS-57-Tf', TOT SGiiND-l 
SS-5B.ATK TOT R0L-\D-1 

SS-5BETh TCT ROUND-1 

70100.OOOOJ 
23700.OOOOJ 
1520.OOOOJ 
9110.OOOOJ 

7E00.OOOOJ 
10000.OOOOJ 
21000.OOOOJ 
2430.00003 

lOBOO.OOOOJ 
5440.OOOOJ 
tl70.OOOOJ 

750, OOOOJ 

13.0000C 
25.0000 
34.0000 
13.0000; 
14.0000 
13.0000C 
13.0000C 

226.OOOOJ 

n.ooooN 
90.0000 

13.0000C 
52.OOOOJ 
57.0000 
116.0000 

214.0000 
3C.00O0 
40.0000 

101.0000 

7J;. OOOOJ 
14.00003 
i3.ooeo< 
13.0000; 

70.0000 
170.0000 
124.0000 
84.0000 
13.0000; 
13.0000; 
13,0000; 
78.0000 
70,0000 

SE-59-TH TOT RDliND-l 4430.OOOOJ 214.0000 

1B45.000 
8225.000 
E275,000 
70E.000 

4125,000 
I4B6.000 

425.000 
3100.000 

780.000 
1145.000 
4698.000 
9250.000 
5173.000 
9375.000 
5250.000 
2B2B.000 
4043.000 
8525.000 

10500.000 
2993.000 
1573.^00 

i;35.000 
1373.000 
2095.000 
lEJS.OOO 
195E.000 
B2^'.000 
1273.000 
112,000 

1113.006 
:043.000 
940,000 

17.OOOOJ 
49.OOOOJ 
67.OOOOJ 

14.000CJ 
41. OOOOJ 

70. OOOOJ 

24,OOOOJ 

19E.OOOOJ 
11.OOOOJ 

94.OOOOJ 

9.3C00J 
92.0C00J 

78.OOOOJ 
70.OOOOJ 

32.00003 
30.OOOOJ 

BO.OOOOJ 
33.OOOOJ 

21.OOOOJ 
12.OOOOJ 

13.OOOOJ 
3.5000J 

31.0000J 
17.OOOOJ 
19.00003 
20.00003 
7.00003 
9 . J 0 0 0 J 

5.3000J 
S.5000J 
9.OOOOJ 
a.50003 

46.000 
48.000 
46.000 
55.000 
48.000 
55.000 
54.000 
45.000 
74.000 
77.000 
47.000 
50.000 
70.000 
49.000 
54,000 
50.000 
41.000 
47.000 
52.000 
74,000 
59.000 
69,000 
6J.0OC 
59,000 
50,000 
5E, !JOO 
94.000 
72.000 
49,0(0 
59,000 
43.000 
24.000 

505.000 

2383.COO 
2345.000 
1443,000 
B95.0[i0 

3C15.000 
1122,00;* 

8175.000 

: 94 5.000 

4553,000 

535.000 
1995.000 

2033,000 

9700,000 
5275,000 
2335,000 

:0750,00) 

''BOO. 000 
212B.000 

2078.000 
BOO.000 

505.000 
31475.000 
34425.000 
2::500.00C 
19475.000 
-t4:5.0:;i0 

•0175.000 
1103.000 

341250,000 
272150.000 

713,0003 
4100,OOOJ 
4200.OOOJ 

145,OOOJ 
1023.OOOJ 
1450,OOOJ 

224.OOOJ 
15225.OOOJ 

25B,OOOJ 
3925.OOOJ 

137.OOOJ 
41SC,000J 
407B.000J 
3950.OOOJ 
2500.0003 
1995,OOOJ 
247E.000J 
3300.OOOJ 
4400.OOOJ 
1778.OOOJ 

700.OOOJ 
121.OOOJ 

4025.Ci'.0J 
5025.OOOJ 
3825,0003 
3900,OOOJ 
1203,0003 
ii3e,0003 
2 4 £ . 0 0 0 J 

2455.OOOJ 

'•;'.>7G Ar.j': '• 

T I.'J. ^'•.•l'>J 



SURFICIAL SOIL SAMPLES IHETALS)-ASARCO 

Sta Id Ani Event 

S5-60-TH TOT ROUND-1 
SS-61-TH TOT ROUND-1 

SS-62-TH TOT ROUND-1 
SS-63ATH TOT RDUND-1 
SS-63BTH TCT ROUND-1 
SS-64-TH TDT RDUKD-1 

SS-65-TH TOT ROUND-1 
SS-66-TH TDT RDUND-1 

SS-67-TH TOT ROUND-1 

SS-6B-TH TOT ROUND-1 

SS-69-TH TOT ROUND-1 
SS-70-TH TOT ROUND-1 

Hercurv 
ppb 

10900.OOOOJ 

7310.0000J 
6610.OOOOJ 
5640.OOOOJ 
5B60.0000J 

9690.OOOOJ 

1960.0000J 

3060.0000J 

1070.0000J 
5710.0000J 

1430.0000J 

1670.OOOOJ 

Antiaony 
ppi 

63.0000 
13.0000C 

13.0000C 
i3.0000C 
13.0000; 
i3.0000< 

i3.0000C 

13.0000C 

i3.0000C 

13.0000; 

13.0000C 

13.0000C 

Arsenic 
ppa 

1373.000 

2020.000 
590.000 

540.000 
600.000 
1248.000 

160.000 

170.000 

24.000 

117.000 

330.000 

473.000 

Cadoiui 
ppa 

31. OOOOJ 
53.OOOOJ 

7.5000J 
B.3000J 
9.3000J 

B,OOOOJ 

5,3000J 
2,B000J 

0,2500N 

0,9300J 
2,B000J 

B.5000J 

ChroBiufl 
ppa 

51.000 

60.000 
119.000 

66.000 
60.000 

67.000 

61.000 
50.000 

35.000 

32.000 
65.000 

71.000 

Copper 

ppa 

25725.000 
4B3B.000 

5572.000 
4960.000 
5453.000 

9425.000 

1510.000 

2593.000 

136.000 

6B5.000 
6375.000 

3923.000 

Lead 
ppa 

4075.OOOJ 
2230.OOOJ 

1283.OOOJ 
895.OOOJ 
1020.OOOJ 

1273.OOOJ 

JIO.OOOJ 

244.OOOJ 

16.OOOJ 
102.000J 

30B.000J 

775.OOOJ 

I- I 



SURFICIAL SOIL SAHPLES (HETALS)-ASARCO 

Sta Id Ani Event 

SHH-4-TH TOT ROUND-1 
SHH-5-TH IDT ROUND-i 
SHH-7-TH TDT ROUND-1 
SMU-B-TH TOT ROUND-1 

SHHIO-TH TOT ROUND-1 
SHHll-TH TOT ROUND-i 
SHU12-TH TOT ROUND-1 
SHW13-TH TOT RDUND-i 

SS-Ol-TH TOT RDUND-1 
SS-02-TH TOT RDUND-1 

SS-03-TH TOT ROUHD-1 

SS-04-TH TDT RDUND-1 

SS-06-TH TDT ROUND-i 
SS-08-TH TOT ROUND-1 
SS-D9ATH TOT ROUND-i 

SS-09BTH TOT ROUND-1 

SS-10-TH TOT ROUND-1 
SS-ll-TH TOT ROUND-i 

SS-12-TH TDT RDUND-1 
SS-13-TH TOT ROUND-1 
SS-16-TH TOT ROUND-1 
SS-19-TH TOT ROUND-1 

SS-20-TH TOT ROUND-1 
SS-21-TH TOT RDUND-1 
SS-22-TH TOT ROUND-1 
SS-23-TM TOT ROUND-1 
SS-24-TH TOT ROUND-l 
SS-25-TH TOT ROUND-1 
SS-26-TH TOT ROUND-1 
SB-27-TH TOT ROUND-1 
SS-2B-Th TOT RQUND-1 
BS-29-TH TOT ROUND-1 

Nickel 

Dpi 

185.0000 
6B.0000 

93.0000 
165.0000 
55.0000 

75.0000 

7B.0000 
60.0000 

60.0000 

43.0000 
140.0000 

115.0000 

123.0000 

100.0000 
183.0000 
175.0000 

55,0000 
70,0000 
65,0000 

56.0000 
15.0000 
83.0000 

53.0000 
20.0000 
53.0000 
55,0000 
53.0000 
50.0000 
50.0000 
75.0000 
85.0000 
83.0000 

SeleniuB 

ppi 

22.0000 

24.0000 
18.0000 
IB.0000 

18.0000 

20.0000 
13.0000 
IB.0000 
192.0000 

274.0000 

77.0000 

39.0000 
43.0000 

16.0000 

22.0000 
IB.0000 

75.0000 

54.0000 
96.0000 
37.0000 
26.0000 
JO.0000 

186.0000 
100.0000 
47.0000 
43.0000 

22.0000 
14.0000 
52.0000 

179,0000 
41,0000 
41.0000 

Silver 

ppi 

12.0000 

9.0000 
31.0000 
42.0000 

7.0000 

3.3000 
11.0000 
l.SCOO 

73.0000 
103.0000 

85.0000 

25.0000 

BO.0000 
2.5000 

2.0000 
2.0000 

59.0000 

37.0000 
78.0000 

24.0000 
3.5000 

21,0000 
36,0000 

53,0000 
34,0000 
44,0000 
4.0000 
8.3000 
15.0000 
25.0000 
35.0000 
169.0000 

Thalliui 
ppa 

13.0000 

13.0000C 
13.0000C 
13.0000C 

13.0000C 

13.0000C 
13,0000; 
13,0000-; 
23,0000 

20,0000 
13,0000< 

13,0000< 

13,0000C 
13,0000< 

13,0000C 
13,0000C 

.13,00u0< 

13,0000; 

20.0000 
13,0000; 
13,0C00C 

13.0000; 
18.0000 

28.0000 
13.0000; 
13.0000; 
13.0000; 
13.0000; 
13.0000-; 
13.0000; 
13.0000; 
13.0000C 

Zinc 

ppa 

360.000 

293.000 
2495.000 

5B50.000 
958.000 

910.000 

2150.000 
39.000 

2950.000 
2400.000 

4775.000 

2195.000 
4600.000 

120.000 

14800.000 
16500.000 

1955.000 

2355.000 
.1788.000 

1165.000 
890.000 

1646,000 
1875,000 

1B03.000 
4275.000 
20BB.000 
207.000 
813.000 
833.000 
2215.000 
3175.000 
232.000 

Barius 

ppn 

125.00 
104.00 
583.00 
360.00 

167.00 

150.00 
156.00 

97.00 
142.00 

70.00 
139.00 

122.00 

305.00 
147.00 

128.00 

123.00 

183.00 

125.00 
103.00 

186.00 

142.00 
139.00 
111.00 

166.00 
153.00 
133,00 
63.00 

100.00 
147.00 
147.00 
175.00 
120.00 



SLlRFlCIfiL SOIL SAMPLES (HETALSl-ASARCO 

Sta Id A,il Event 

SS-30-TH TOT ROUND-1 
S5-31ATH TOT ROUND-1 
SS-31BTH TOT ROUND-1 
SS-32-TH TDT RCUND-1 
SS-33-TH TDT ROUND-1 
SS-34-TH TDT ROUND-1 
SS-35-TH TOT ROUKD-i 
SS-36-TH TDT RDUND-1 
SS-37-TH TOT ROUND-i 
SS-3B-TK TDT ROUND-1 
SS-39-TH TOT RQUND-1 
SS-40-TH TOT ROUNC-1 
SS-41-TH TOT ROUHD-1 
SS-42-TH TOT RDUND-1 
SS-43-TH TDT ROUND-1 
SS-44-TH TOT ROUND-1 
ES-45-TH TOT ROUND-1 
5S-44-TH TDT ROUHD-1 
SS-47-Tf) TDT RGUND-1 
SS-48-TH TOT RDUND-i 
SS-49-TH TOT ROUND-1 
SS-50-TH TOT ROUND-1 
SS-51-TH TDT RC'JXD-l 
3S-52-TH TOT RDUND-1 
SS-53-TH TOT ROUND-1 
3S-54-TH TOT ROUND-1 
S3-55-TH TOT RDlKD-l 
SS-56-TH TOT ROUXD-1 
5S-S7-TH TOT RCUND-1 
SS-5BATH TDT RDuND-1 
SS-58BTM TDT RDUKD-1 
SS-59-TH TOT ROUND-l 

Nickel 
pps 

4B.O0OO 
53.0000 
46.0000 
65.0000 
53.0000 
6B.O0OO 
55.0000 
40.0000 
60.0000 
85.0000 
50.0000 
55.0000 
65.0000 
B6.0000 
135.0000 
55.0000 
58.0000 
68.0000 
53.0000 
68.0000 
55.0000 
98.0000 
123.0000 
125.0000 
113.0000 
113.0000 
60.0000 
85.0000 
45.0000 

575.0000 
500.0000 
75.0000 

SeleniuB 
ppi 

24.0000 
56.0000 
66.0000 
9.0000 
67.0000 
22.0000 
13,0000 
123.0000 
13,0000 
100.0000 
22.0000 
77,0000 
75,0000 
41.0000 
24,0000 
24.0000 
60.0000 
30.0000 
104.0000 
20.C000 
26.0000 
13.0000 
175,0000 
227,0000 
136,0000 
177,0000 
13.0000 
53.0000 
11,0000 
146,0000 
139.0000 
211.0000 

Silver 
ppi 

2.5000 
16.0000 
14.0000 
2.5000 
4.6000 
8.5.000 
1.5000 

47.0000 
3.8000 
23,0000 
1.3000 
17.0000 
15.0000 
37.0000 
26,0000 
11,0000 
12,0000 
32,0000 
32,0000 
11,0000 
S.BCOO 
2,5000 

145,0000 
283,0000 
93,0000 
138,0000 
13.0000 
69.0000 
5.3000 

495.0000 
503.0000 
2075.0000 

Thalliui 
ppa 

13.0000; 
13.0000C 
13.0000C 
13.0000C 
13.0000C 
13.0000C 
i3.0000C 
15.0000 
13.0000; 
13.0000C 
13.0000; 
13.C0D0C 
13.0000; 
13.0000; 
13.0000C 
13.0000C 
13.0000; 
13.0000C 
13.0000C 
13.0000-; 
13.0000C 
13.0000; 
13.0000; 
13.0000C 

i3,oooc; 
13,0C00C 
•3,0000; 
13,0000; 
13,0000; 

!3,oooc; 
13,0000; 
13,0000; 

Zinc 
pps 

285,000 
1160.000 
1113.000 
375.000 
615.000 
1500.000 
152.000 

2B25.000 
336.000 
1966.000 
316.000 
1500.000 
1790.000 
3750.000 
4300.000 
1753.000 
1628.000 
3600.000 
645.000 
973.000 
415.000 
142.000 
64B.000 
575.000 
513.000 
655.000 
638.OGO 
305.000 
158.000 
370.000 
360.000 
383.000 

Bariui 
pp.1 

B3.00 
142.00 
139.00 
89.00 
126.00 
150.00 
131.00 
131.00 
139.00 
195.00 
B3.00 
111.00 
125,00 
236.00 
208.00 
122.00 
114.00 
164.00 
147.00 
250.00 
72.00 
B3.00 

1390.00 
770.00 
1250.00 
1055.00 
117.00 
B05.00 
92.00 

1528,00 
139.J.C0 
350.00 

I I 

i 1 
! I 

t I 
l - " i 

1 .. i 
r 1 



Eta Id Ani Event 

SS-60-TH TOT RDUND-1 
SS-61-TH TOT ROUND-i 
SB-62-TH TDT ROUND-1 
SS-63ATf1 TDT RGUND-1 
SS-63BTH TDT ROUIiD-i 
3S-64-TH TDT ROUND-i 
SS-65-TH TOT ROUND-l 
SS-46-TH TCT RDUND-1 
SS-47-TH TDT KOUND-1 
SS-68-TH TOT ROUND-1 
SE-69-TH TDT RDuND-1 
SS-70-TH TOT ROUHD-1 

Nickel 
ppi 

113.0000 
103.0000 
115,0000 
73,0000 
75,0000 
110,0000 
55,0000 
50,0000 
25,0000 
45,0000 
63,0000 
75.0000 

Seleniui 
pps 

154.0000 
13.0000 
28.0000 
22.0000 
20.0000 
18.0000 
9.0000 
9.0000 
20.0000 
20.0000 
20.0000 
18.0000 

Silver 
ppi 

150.0000 
15.0000 
27.0000 
14.0000 
15.0000 
43.0000 
4.0000 
6.3000 
1.5000 
4.0000 
6.8000 
7.3000 

Thalliua 
ppa 

13.0000; 
13.0000; 
13.0000; 
13.0000; 
13.0000; 
13.0000; 
13.0000; 
13,000DC 
13,0D00C 
13,0000C 
13,0000< 
13,0000C 

Zinc 
ppa 

905,000 
2115,000 
876,000 
425,000 
460,000 
4EO,000 
413,000 
173,000 
73,000 
263,000 
166,000 
295,000 

Barijui 

ppa 

500.00 
278.00 
555.00 
158.00 
175.00 
214.00 
142.00 
89.00 
72.00 
78.00 
92.00 
125.00 



FaraietriJi Inc. — Environiental Data Svstei 
SURFICIAL SOIL SAHPLES - ASARCO (EP TOXICITY) 

Sta Id 

BS-Ol-EP 
BS-02-EP 

SS-03-EP 

SS-04-EP 
SS-06-EP 
SS-OB-EP 
SS-09AEP 

SS-09BEP 

SS-IO-EP 

SS-il-EP 

SS-i2-EP 

SS-13-EP 

SS-16-EP 

SS-19-EP 
SS-20-EP 

SS-21-EP 

SS-22-EP 

SS-23-EP 

SS-24-EP 

SS-25-EP 

SS-26-EF 
SS-27-EP 

SS-2B-EP 

SS-29-EP 
SS-30-EP 

BS-31AEP 
SS-31BEP 

SS-32-EP 

SS-33-EP 
SS-34-EP 

SS-35-EP 

Ani Event 

EPT ROUND-1 

EPT RDUND-1 

EPT ROUND-1 
EPT RDUHD-1 
EPT ROUND-1 
EPT ROUND-1 

EPT ROUND-i 
EPT ROUND-1 

EPT RDUi^D-i 

EPT RDUND-1 

EPT ROUND-1 

EPT RDUND-1 

EPT RDUND-1 

EPT RDUND-1 

EPT RDUND-1 

EPT RDUND-1 
EPT ROUND-1 

EPT ROUND-1 

EPT RDUNO-1 
EPT ROUND-1 

EPT RDUND-1 

EPT ROUND-1 

EPT ROUND-1 
EPT ROUND-1 

EPT ROUND-1 

EPT RDUND-1 
EPT RDUND-1 

EPT fiOUi'JD-1 
EPT ROUND-l 

EPT ROUND-1 

EPT RDUND-1 

Arsenic 
ppi 

90.000 

610.000 

0.160 

2.700 
0.410 
7.700 

55.000 

57.000 

84.OOD 

5.200 
2.800 

13.000 

17.000 
4.200 

430.000 

13,000 

13,000 
22,000 

3,100 
6.300 

5.400 
170.000 

21.000 

5.700 

3.200 

6.300 

5.000 
l.OCO 

12.000 

3.500 
0.110 

Cadsiui 
ppi 

0,0720 

0.0100 
0.0920J 
0.0320 
0.3300J 
0,0070 
1.5000 

1.3000 

1.0000 

0.0330 
0.0670 

0.0770J 

O.BOOO 
0.0270 

0.0610 
0.2500 

0.0950 

0,0630 

0,0080J 

0.0660J 

0,1OOOJ 

0.0320 
0.0620 

0.2400 

0.1700J 

0,1600 
0,1500 

0,04B0J 

0,1400 

0,1500 
0,1600J 

Chroiiui 
ppi 

0.020; 

0.020; 
0.020C 
0.020C 
0.020C 
0.020; 
0.020C 

0.020< 

0.020C 
0.020C 

0.020C 

0.020< 

0.020C 

0.020C 
0.020C 

0.020C 

0.020C 

0.020C 

0.020C 
0.020C 

0.020; 

0.020; 

0.020C 

0.020; 
0.020C 

0.020; 

0.020; 

0.020; 
0.020C 

0,020; 

0,020^ 

Copper 
ppi 

1,500 
0,960 
36.000 

18.000 
59.000 

0.050 
65.000 

66.000 

103.000 

5.300 
10.000 

8.400 

60.000 

4.100 

1.900 

4.300 

1.800 

2.400 

0.600 

I.ICO 

1.100 
0.930 

9.400 

8.200 

2.700 

2.200 

2.400 

2.200 
0,450 

1.500 
1.400 

Lead 
ppi 

0.037 

0.046 
0.068 

0.020C 
0.100 

0.020C 
0,047 

0.065 

0.640 

0.020C 
0.200 

0.023 

0.050 
0.020 

0.072 
0.037 

0,077 

0,065 

0.033 

0,020< 

0,045 
0.078 

0.022 

0.260 
0.360 

0.030 

0.037 

0.020C 
0.035 

0.04C 

0.200C 

Hercury 
ppb 

0.5000N 

0.5000N 

O.SOOON 
0.5000N 
O.SOOON 

O.SOOON 
O.SOOON 

1,3000J 

O.SOOON 
O.SOOON 

O.SOOON 

O.SOOON 

0.5000J 
O.SOOON 

O.SOOON 
O.SOOON 

0,5000N 

0,5000N 

0,500CN 

0,BC00J 

0,7000J 
0.50001; 

l,600CJ 

0,500CN 
0,5000N 

1,4000J 

1,90003 
0,5000N 

O.SOOON 
O.SOOON 

O.SOOON 

Seleniua 

ppi 

0.0630C 

0.0630; 
0.0830; 
0.0630C 
0.0630< 
0.0630< 
0.063&C 

0.0630C 

0.0630C 

0.0630< 

0.0630C 

1.7000 

0.0830; 

0.0B30C 

0.0830-; 
0.1000 

0.0B30C 

0.0B30C 

4.2000 

8.3000 
4.B000 

0.0B3CC 

0.0830; 

0.0B30C 

0.0630; 
0.0830< 

0.0630< 
0.083CC 

0.0630-; 
0.O630-; 

0.0630; 

Silver 

ppa 

0.008DC 
0.0080C 

0.0060C 
0.0060C 
0.0060C 

0.0080; 
O.OOBOC 

O.OOBOC 
0.0080< 

O.OOBOC 

O.00BO< 
O.OOBOC 

0.00B0< 

O.OOBO; 
0.008DC 

0.0030C 

o.ooeoc 
O.U080C 

o.ooeoc 
O.OOBOC 

0.0030C 

O.OOBOC 

0.00B0-; 
' 0.0060C 

o.ooeoc 
o.ooao; 
O.OOBOC 
O.OOBOC 

o.ooBC-; 
O.OOBOC 

o.ooac; 

Zinc 

ppi 

3.600 

0.700 

2.700 
0.500 
17.000 
0.067 

62.000 

64.000 

40.000 
O.BOO 
0.950 

2.200 

26.000 

0.970 

3.600 

13.000 
2.400 

0.970 

0.400 
1.300 

2.10(> 

1.406 
4.900 

4.600 
4.500 

6.600 

5,100 
0,970 

2,000 

2,600 

0.630 

Bariui 

ppi 

O.IOC 

O.IOC 

0.10 
0.20 
0, IOC 

0.20 
O.IOC 

o.io; 
O.IOC 

O.IOC 
O.IOC 

O.IOC 

0.10 

O.IOC 

0.10 

0.20 
0.20 

O.IOC 

O.IOC 

O.IOC 
O.IOC 

O.IOC 

0.20 
0.20 

O.IOC 

O.IOC 
0.10 

0.10 

0.20 
0.30 

o.io; 

pH 

6.7 
5.5 
5.4 
6.0 
5.3 
B.4 
3.9 
3.7 
4.3 
5.0 
4.7 
4.6 
3.2 
4.7 
6,9 
5.0 
6.9 
7.4 
5.9 
5.2 
5.6 
6.7 
6.4 
6.3 
4.7 
5.7 
5.6 
5.4 
7.8 
8.6 
4.B 



SURFICIAL SOIL EAHFLEE - ASARCO (EP TOnCiTY) 

Sta id Ani Event 

SS-36-EP EPT ROUND-1 
SS-37-EP EPT ROUND-1 
SS-38-EP EPT RDUND-1 
SS-39-EP EPT RDUND-l 

SS-40-EP EPT ROUND-1 

SS-41-EP EPT fiOJNO-l 

SS-42-EP E.̂ T ROUND-1 

SS-43-EP EPT ROUND-i 
ES-44-EP EPT ROUND-i 
SS-45-EP EPT RDUND-i 

SS-44-EP EPT ROUND-1 
SS-47-EP EPT RDUiiD-1 

E3-46-tP EPT RCUND-1 
SS-49-EP EPT ROUNC-1 
SS-50-EP EPT ROUND-l 
SS-51-EP EPT RDUHD-1 
SS-52-EP EPT ROUND-1 

SS-53-EP EPT ROUND-1 

SE-54-EP EPT RDUND-1 

3S-55-EP EPT RCUND-1 
SS-54-EP EFT RGUND-1 
5S-57-EP EPT ROUND-1 
SS-56AEP EPT m m - \ 
SS-5BEEF EfT ROUND-. 
SS-59-EF EPT ROUND-1 
SS-40-tP EPT ROUND-l 
SS-41-EP EFT POUND-1 
SS-42-EP E.'T ROUND-l 
SS-fc3ftEF EPT RDUND-l 
SS-i3E£P EPT ROUND-; 

Arsenic 

ppa 

18.000 

0.540 
12.000 

35.000 

5,500 
0,820 

13,000 
3,300 
2,000 

11.000 

13.000 

0.042 

0.150 
2.500 

3. BOO 
0.089 

0.090 
0.100 

0.070 

0.120 

0.980 
0.C20 
0.130 
0.130 
O.ilO 
0.110 
1.100 
0.760 
0.170 
0.450 

Cadfsius 
ppa 

0.1200 

0.0180J 
0,1200 
0.0520 

0,1900 

0,2500J 

0.1100 

0.0480 
0.130C 

0.2300 
, 0.0720 

0.02E0J 

0.0520J 

0.0870 
0.0130 
0.i400J 

0.0610J 
0.0400J 

0.0570J 
0.0300J 
0.0480J 
0.03303 

0.0530J 
0.0520J 
0.0B503 

0.35003 
O.OiOOJ 
0.02503 

0,02B03 
0.02303 

Chrciiuai 
ppi 

0.020; 

0.020c 
0.020c 
0.020C 

0.020; 

C.020; 
0,020< 

0.020; 

0.020; 
0.020< 

0.020C 

0.020c 

0.020c 

0.020; 
0.020c 

0.020c 

0.020c 
0.020; 

0.020; 

0.020; 
0.020; 

0,020; 
. 0.020-( 

0.020( 
O.OIOC 
0.020; 
0.020\ 
0,020< 

0,020; 
o,;i2o; 

Copper 

pp* 

1.900 
1.200 
2.400 

5.500 

1.100 

1,300 
6.200 

2.900 

3.700 

1.600 
20.000 

1,600 

3,000 

1.000 
1.100 

121.000 
154.000 

49,000 

35.000 

5.300 
2S.00ii 

i.BO-j 
51,000 
31,000 
194,000 

217.000 
1,100 
3.500 
4,400 
3,700 

Lead 

ppa 

0.110 
0.020C 
0.085 

0.020; 
0.230 

0.770 
0.040 

C.04B 
0.110 

0.190 

0.052 

0.02DC 

0.035 

0.052 
0,020; 

0.440 

0,310 
0,140 

0.085 

0.05B 
0.050 

0.020 
0.280 
0.240 
1.300 
1.400 
0.030 
0.032 
0. i20 
0,042 

Mercury 
ppa 

0.60003 
O.SOOON 
0.6C0OJ 
O.SOOON 

1.1COOJ 
O.SOOON 

3.OOOOJ 

3.60003 
0.E00O3 

0.30003 
G.8000J 

O.SOOON 
0.50003 

0.500;N 
O.SOOON 
O.SOOON 
0.50::iON 

O.SOOON 
0.5G00N 

0.500011 
O.SOOON 

0.50001; 
0.50C0i'i 

o.5o.;iê  
0.5000;l 
O.SOJOrj 

O.SOOON 
0.5C:;:C?i 

o.50o;s 
0,9l;oO.; 

Seieniua 

ppi 

e,0B30; 
0,0B30C 
0,0830C 

0.0E30; 

0,0e.3C; 

a Mm 
0.0330C 

0.0B30C 

O.0B30; 

O.0B30; 

0.0630; 
C.0D30C 

0.0B30C 
0.0830; 

0.0630'. 
0.OB3O 

0.0630; 

0.0B30; 

0.093D; 
0.0B30i 

. O.OBJO; 

o.Ob30''; 
0,0E30< 
o.Ot:o; 
0.0D30-; 
O.OB30, 
0.0630; 

o.OE'o; 
'':.0630i 
O.0B3O-: 

Silver 

ppa 

O.OO8O; 

0.008C; 

O.ooeoc 
O.OOBOC 

O.OOBOC 

0.008J< 
0.0030; 

O.OOBOC 
O.OOBOC 
O.OOEOC 

0.0080; 

O.OOBO; 

0.0030; 

O.OOEOC 
O.OOBO-; 

o.ooao; 
o.oosoc 
O.OCEO; 

o.ooso; 
0.0030; 
O.OOEO; 

0.0080; 

0.0030-; 

o,oo3o; 
o.ooeo; 
o.ooao; 
O.OOBO; 

o.ooso. 
0.0030; 
O.OiEO-

Zinc 

ppi 

2.600 
0.380 
2.900 
5.600 

3.500 

3.600 

4.500 

1.400 
2.200 

5.900 
2.900 

0.320 

1.200 

1.500 
0.430 

2.300 

2.100 
0.B50 

2.000 
0,570 

0.7E0 
0.230 

. 0.820 
0.770 
2.600 
4.300 
1.130 

J.E50 
2.030 
0.920 

Bariui 
ppa 

0.40 
0.30 
0.30 

O.IOC 

0.10 

O.IOC 
0.10; 

0.3C 

0.10; 

O.IO 
0.10 

0.10 

0..30 

0.10; 
0.10; 
0.40 

0.40 
0.30 

0.10 

0.30 

0.10 
0.10 

1.00 
1.00 
1.00 
0.30 
0.1U( 
0.10; 
0.^0 
O.LO 

pH 

6.7 

5.3 
7.B 

4.0 

6.3 

7.3 
4.9 

4.5 
6.2 
4.7 

4.C 
4.3 

5.3 

5.B 
5.4 
4.2 

i.7 

4.5 
5,B 
5.B 
5.4 
S.i 
6.4 
6.3 
4,7 
5,B 
4.0 
j. ? 

J..; 

5.7 



Paraietrix Inc. — Environiental Data Svstei 
SURFICIAL SOIL SAHPLES - ASARCO (EP TOXICITY) 

Sta Id 

SS-64-EP 
SS-65-EP 

SS-66-EP 
SS-67-EP 
SS-68-EP 
SS-69-EP 

Ani Event 

EPT ROUND-i 
EPT RDUND-1 

EPT RDUND-i 

EPT ROUND-i 
EPT ROUHD-1 
EPT RDUND-1 

Arsenic 
ppi 

0.120 

0.110 
0.170 

0.030 
0.090 

0.370 

Cadniui 
ppi 

0.0220J 

0.0120J 

0.0080 
0.0070J 
0.0050J 

O.OIOOJ 

Chroiiuo 
ppi 

0.020C 

0.020C 
0.020C 

0.020C 
0.020C 

0.020C 

Copper 
ppa 

3.400 
0.570 

O.BOO 

0.033 
1.900 

3.700 

Lead 
ppi 

0.026 
0.020 

0.020 
0.020C 
0.020C 
0.020C 

Hercury 
ppb 

O.SOOON 

0.5000N 
O.SOOON 

O.SOOON 
O.SOOON 
O.SOOON 

Seleniun 
ppi 

0.0630C 
0.0830C 

0.0e30C 
0.0830C 

o.oe30c 
0.0B30< 

Silver 
ppa 

O.OOBOC 
O.OOBOC 

O.O0BO< 

O.ooeoc 
o.ooeoc 
O.OOBOC 

Zinc 
ppa 

0.570 

0,760 
0,150 

0.033 
0.130 

0.120 

Bariui 
ppi 

0.10 

0.20 
O.IOC 
0.10 
0.10 

0.10 

pH 

5.4 
5.4 
5.4 
6.1 
7.3 
6.1 



SURFICIAL SOIL SAHPLES (HETALS)-ASARCO 

Std Id 

S52-01 

SE2-02 
SS2-03 
SS2-04 
SS2-0S 
S32-05A 

SS2-05B 
SS2-05C 
SS2-04 
SS2-04A 

3S2-06B 

SS2-e6C 

SS2-07 

ES2-0E 
SS2-09 

BS2-10 

ES2-11 
SS2-12 

SS2-12A 

SS2-12B 
SS2-12C 
SS2-13 
ss:-i4 
SS2-14A 
3S2-14S 
SS2-14C 
SS2-15 
S32-14 
SS2-17 

SS2-ie 
SS2-1EA 
SS2-iBE 

Ani Event 

TOT RDUND-2 
TOT ROUND-2 
TDT ROyND-2 
TDT RDUND-2 

TDT RObNj-2 
TDT ROUfiD-2 

TDT ROdND-2 
TDT ROUrJD-2 
TDT ROUHD-2 

TOT RDUND-2 

TOT ROUND-2 

TDT ROUND-2 

TOT ROUND-2 
TDT RDUKD-2 
TOT ROuND-2 

TDT ROUND-2 

TOT ROUND-2 
TOT ROUND-2 

TOT RuUND-2 
TOT ROUND-2 
TDT RDU,*JD-2 
TOT ROUND-2 
TOT ROUKD-2 

TOT F;0Ur,D-2 
TOT huUND-2 
TOT R0U;ilD-2 
TOT R00\D-2 
TDT RGliND-2 
TOT R0iit;D-2 
TOT PnuNi)-2 
TOT R0y,ND-2 
TOT F;jUNi-2 

Antiiony 

ppi 

41.00003 

13.0000N 

39.OOOOJ 
343.OOOOJ 
57.0000J 

45.0000J 

177.OOOOJ 
13.0000N 
13.0000N 

13.0&00N 

23.OOOOJ 
13.0000N 

13.0000N 
53.OOOOJ 

29.OOOOJ 
17.OOOOJ 
13,0000N 
i3,OOO0N 

Arsenic 
pp.5 

3450,000 

170.000 
1365.000 
1675.000 
620.000 
1B2.000J 

3025.OOOJ 

1645.OOOJ 
2975.000 
6050.OOOJ 

2775.OOOJ 

440.OOOJ 

4200,000 

953,000 
1076,000 

495.000 

173B.000 
326.000 

37B.OO0J 

300.OOOJ 
340.OOOJ 
925,000 

2775.000 
31,OOOJ 
IB.0003 
13,OOOJ 

1710,000 
1520.000 
743.000 
773,000 
12.0003 
14.0003 

Cadaiua 

ppa 

7.8000 

4.3000 

B.BOOO 
14.0000 
11,0000 

22.0000 

23,0000 

7,5000 
7,30-00 

5.0000 
6.5000 

4.0000 

a.0000 
6.0000 

7.5000 
3.0000 

i.5O0;: 
4.3000 

Chrosiui 

ppa 

94.000 

54.000 
79.000 
65.000 
94.000 

45.000 

57.000 
62.0C0 

51.000 

48.000 

51.000 
51.000 

45.000 
54.000 

i7.000 
74.000 
4E..0(.0 

57.000 

Ccpper 

ppa 

4625.000 

1065.000 
6125.000 

62250.000 
7000.000 

4475.000 

6050.000 

903.000 

908.COO 

62B.0O0 

1325.000 
410.000 

455,000 
2043,000 

2220.000 
2250.000 
2355.iOO 
1370.000 

Lead 

ppa 

1493.000 

365.000 
1303.000 
4525.000 
1303.000 

1493.000 

2925,000 
915.000 
920.000 

403.000 

945.000 
265,000 

923,000 
1595,000 

n.cS.Oi'O 
13i£,00>. 
573.00V 
4£3,C00 

Rercury 

ppb 

20.00003 

IB.OOOOJ 
IB.OOOOJ 

11.00003 
5.2000J 

34.OOOOJ 

52,00003 

14.0000J 

32.OOOOJ 
B.2000J 

15.OOOOJ 

3.00003 

22.00003 
25.OOOOJ 

;5.ooo;:3 
11.OOOOJ 
li.iOOOJ 

1.40003 

Nickel 

ppa 

79.0000 

43.0000 

68.0000 
140.0000 
84.0000 

59.000G 

45.0000 
40.0000 
34.0000 

33.0000 

41.0000 
42.0000 

34.0CO0 
5t.0000 

54.00:;0 
Ei.OCOO 

Z - . . OO..iO 
42.OOOJ 

Zinc 

ppi 

440.000 

201.000 

390.000 
550.000 
328.OOO 

450.000 

1045.000 

169.0ii0 

169.000 

134.OOD 

239.000 
97.000 

172.000 

41B.000 

306.000 
265,003 
tfiB,000 
211,000 



SURFICIAL SOIL SAHPLES IfiETALS)-ASARCO 

Sta Id 

SB2-16C 
SS2-19 
SS2-20 
SS2-21 
SS2-21A 
SS2-21B 
SS2-21C 
SS2-22 
SS2-23 
SS2-24 
SS2-24A 
SS2-24B 
SS2-24C 
SS2-25 
SS2-26 
S32-27 

Ani Event 

TDT ROUND-2 
TOT RDUNO-2 
TDT ROUND-2 
TOT ROUND-2 
TOT RDUND-2 
TDT RDUND-2 
TOT RDUND-2 
TOT RDUND-2 
TDT RDUND-2 
TDT RDUND-2 
TOT ROUND-2 
TOT ROUND-2 
TDT RDUND-2 
TDT ROUND-2 
TOT RDUND-2 
TOT RDUHD-2 

Antiiony 
ppi 

43.0000N 
IS.OOOOJ 

110,OOOOJ 

86.OOOOJ 
17.0000J 
49.OOOOJ 

13.0000N 
13,0000N 
IS.OOOOJ 

Arsenic 
ppa 

2S,OG0J 
1B40,000 
1640.000 
3700.000 
2263.OOOJ 
1060.OOOJ 
158.OOOJ 

3425.000 
1195.000 
2455.000 
1195.OOOJ 
60.OOOJ 
12.OOOJ 

145.000 
1415.000 
IBIB.OOO 

Cadfliue; 
pps 

B.SOOO 
5.3000 
13.0000 

8.6000 
4.B000 
8.3000 

4.5000 
6.5000 
6.5000 

ChrDiiui 

?P» 

54.000 
50.000 
60.000 

50.000 
46.000 
100.000 

50.000 
62.000 
66.000 

Copper 
ppa 

2600.000 
1126.000 
5300.000 

2223.000 
1060.000 
2700.000 

1043.000 
206B.O00 
2260.000 

Lead 
pps 

1075.000 
1065.000 
3900.000 

2246.000 
1040.000 
1790.000 

348.000 
1130.000 
1433.000 

ilercury 
ppb 

IB.OOOOJ 
12.OOOOJ 
34.OOOOJ 

24.OOOOJ 
lO.OOOOJ 
27.OOOOJ 

17,00003 
4,4000J 
12,OOOOJ 

Nickei 
PPB 

40.0000 
43.0000 
63.0000 

45.0000 
32.0000 
69.0000 

42.0000 
50.0000 
57.00:10 

Zinc 
pps 

320.000 
253.000 
618.000 

453.000 
201.000 
393.000 

199.000 
246.000 
328.000 



SURFICIAL SOIL iAMPuES - ASARCO (EP TOliICJTY) 

Sta I t 

SS2-01 

SS2-02 

SS2-03 
SS2-04 

SS2-05 

SS2-04 

SS2-07 

SS2-0B 

SS2-09 

SS2-10 

SS2-11 

ES2-12 

ES2-i3 

SS2-14 

S32-15 

ES2-16 

SS2-17 

SS2-18 

SS2-19 

3S2-20 
SS2-21 

ES2-22 

352-23 
SS2-24 

SS2-25 

SS2-24 
SS2-27 

Ani Event 

EPT ROliND-2 

EPT ROUND-2 

EPT R0Uf;D-2 

EPT ROUND-2 

EPT ROUND-2 

EPT ROUND-2 

EPT R0l:ND-2 

EPT RDUND-2 

EPT ROUND-2 

EPT RDUND-2 

EPT RDUND-2 

EPT ROUND-2 

EPT ROUND-2 

EPT ROLiND-2 

EPT FiOUND-2 

EPT RDUNO-2 

EFT RGUKO-2 

EPT R.3UND-2 

EPT RDUND-2 

EPT RQUND-2 

EFT RDUND-2 

E.î T ROLND-2 

EPT ROJND-2 

EPT R0L:ND-2 
EPT RUJND-2 

EFT ROUND-2 
EFT F:-0USD-2 

Arsenic 

ppi 

0,530 

0,280 

0.093 
0.250 

0.056 

1.500 

1.100 

0.390 

0.620 

0.033 

0.600 

0.350 

0.320 

0.063 

0.170 

0.350 

0.320 

0.170 

0,390 

0.072 

0.460 
0.160 

0.250 

0.53.) 

0.400 

0.250 

0,170 

Cadai ja 

ppa 

0.0200; 

0.0220 

0.0200C 

0.0720 

0.0230 

0.0200; 

0.0200C 

0.0200C 

0.0200C 

0.0200; 

0.0200C 

0.0200; 

0.020CC 

0.0200C 

0.0200C 

0.0200C 

0.020CC 

0.0200; 

0.0200; 

0.0200C 

0.C200; 
0.0200C 

0.0200; 

0.0200; 
0.0200; 

O.J200C 

0.0100; 

Oircai-Li.^ 

pps 

0.042 

0.033; 

0.033 

0,033C 

0.033C 

0.033; 

0.033; 

0.033; 

0.033C 

0.033; 

0.033-; 

G.033C 

0.033.; 

0.033; 

0.033; 

0.033; 

0.033; 

0,033; 

0.033; 

C.033C 

0.033; 
0.033 

0.033; 

0 , 0 3 - ; 
0.033; 

0 .03 : ; 
0,033; 

Copper , 

p?B 

1.6C0 

7.400 
1.400 

104.000 

9.100 

1.100 

1.200 

0.390 

0.700 

0.540 

0.B20 

0.560 

0.680 

0.6BC 

0.980 

0.590 

0.460 

C.150 

0.560 

0.790 

1,500 

0,940 

0.5B0 

0.990 

0.400 

0,520 

O.EsO 

Lead 

ppa 

0.020-C 

0.045 

0.032 
0.400 

0.045 

0.020; 

0.032 

0.065 

0.072 

0.05B 

0.072 

0.045 

0.190 

0.05B 

0.072 

0.032 

0,020-; 

0 ,020; 

0.05B 

C.085 

0.140 

0.110 

0,085 

0.053 
0,020; 

0,032 

0.072 

t l e r c i r y 

ppb 

O.SOOON 

O.SOOON 

O.SOOON 

0.5000?! 

O.SOOON 

O.SOOON 

0.5000;J 

O.SOOOfi 

0.50uC>i 

O.SOOON 

O.SOCO.'i 

O.SOOON 

O.SOOON 

O.SOOON 

CSOOOli 

0,5000N 

0.5000N 

O.SOOON 

0,5C0t\' 

O.SOOON 

0.500CN 

0.5O-.;i0N 

O.SC.'iON 

O.SOOON 

1I.5000N 

0.5000'^ 
0.5i.00!l 

SeleniuK 

ppa 

0.08303 

0.0B30N 

0.0B30< 

0.0B30C 

0.0B30C 

0.0830C 

0.0E.30C 

C.0E30C 

0 .0630; 

0.0630C 

0 ,0330; 

0.0B30C 

0.0B30C 

O.OB30; 

0.0B3CN 

0.0830; 

O.OB30< 

0,0630< 

0 .0830; 

0 ,0630 ; 

0.0B30; 

0.15003 

0.0B30; 

0.0E3O; 

0 .0330; 

0.OL30; 

i j . 'mvi 

S i l v e r 

pps 

O.OOBO; 

0.0060C 

O.OCBO< 
O.OOBOC 

o.toBo; 
0 .0080 ; 

O.OOBOC 

O.OOBOC 

O.OCBO; 

0 .0030; 

O.OOBOC 

O.OOBOC 

O.OOBO; 

O.OOBOC 

O.ooao; 
o.ooBo; 
O.COBJ-C 

O.OCBDl 

O.OOBO; 

O.OOBOC 

O.OCBO; 

0.0030-; 

O.OOBO; 
O.OOBO; 

ii.OOBO-: 

O.OOBO; 

i i .o; :ao: 

Zinc 

ppa 

0.310 

0.510 

0.160 
1.600 

0.430 

0.250 

0.270 

0.240 

0.240 

0.066 

0.073 

C.035 

0.120 

0.060 

0.110 

0.047 

0.140 

0.03B 

0.047 

0..047 

0.CB3 

0.'047 

0.033 
0.130 

0,040 

0,130 

0,100 

BariuDi 

m 

o.soc 
o.soc 
o.scc 
0.51 
0.50; 
o.so; 
o.so; 
0,50; 

0 ,50 ; 

o.soc 
o.soc 
0.50; 

0,5C; 

o.soc 
o.soc 
o.so; 
o.so; 
o.so; 
0.50, 

O.SOl 

o.so; 
0.50-; 

0.50; 
0 .50 ; 

O.SCK 

0 .50 ; 

0 .50 ; 

pH 

4.7 
5.4 
5,7 
7.8 
5.9 
5.2 
5.0 
4.4 
4.4 
4.4 
4,3 
4.4 
4.4 
4.5 
3,9 
4.2 
4.6 
4.4 
4,3 
4.2 
3.9 
3.8 
3.3 
4.1 
4.4 
5.; 
4.2 

l... 



SOILS DUALITY DATA - ASARCO RI/FS 

Sta Id 

HETHOD-2 

Ani Event 

TOT RDUND-i 

METHOD-3 TDT ROUND-1 

HETHOD-4 TOT RDUND-1 

HETHDD-5 TDT RDUNC-1 

HETHQD-6 TDT ROUND-1 

HTRXSP-1 TOT ROUND-1 

HTRXSP-2 TDT ROUND-1 
SS-Oi 

SS-02 

SS-03 

SS-04 

SS-06 

TOT ROUND-1 

TDT ROUND-i 

TDT RDUHD-1 

TOT ROUND-1 

TOT ROUND-1 

SS-C6-HS TOT ROUND-1 

SS-06HE0 TDT R-OUND-l 

SS-08 

SS-09A 

SS-09B 

SS-10 

SS-11 

TOT ROUND-i 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 

TDT RDUNC-1 

S S - l l - H S TDT ROUND-i 

SS-l lHSD TDT RDUND-1 

SS-12 

3S-13 

SS-16 

SS- i9 

SS-20 

SS-21 

SS-22 

SS-23 

SE-24 

SS-25 

S5-26 

TOT ROUHD-1 

TOT ROUND-i 

TDT RDUND-1 

TDT RDUND-1 

TDT RCUND-1 

TCT ROUND-1 

TOT ROUND-1 

TOT ROUND-l 

TDT RCUND-1 

TOT ROUND-1 

TDT ROUHD-1 

Ace 
naphthene 

ppb 

330.OOC 

330.OOC 

330.OOC 

330.OOC 

330.OOC 

1660.00 

1400.00 

400.OOC 

400.OOC 

300. OOC 

300.OOC 
400.00C 

1510.00 

1500.00 

500.00< 

500.OOC 

SOO.OOC 

2550.00 

400.OOC 

1500.00 

1600.00 

400.OOC 

400.OOC 

500.OOC 

400.OOC 

2100.00 

20000.00.1 

400 .00 ; 

2000 ,00 ; 

400,OOC 

400 ,00 ; 

4 0 0 , 0 0 ; 

Acenaph 

t hy l ene 

ppb 

330 .00 ; 

330,OOC 
330.OOC 

330.OOC 

330,OOC 

330,OOC 

330.OOC 

400,O0C 

400.00C 

300.OOC 

300.OOC 

400.OOC 

330.00C 

330,OOC 

500,OOC 

500,OOC 

500.OOC 

400.OOC 

400,OOC 

330.OOC 

330,OOC 

400.OOC 

400.OOC 

500.00-; 

400 .00 ; 

2000 .00 ; 

20000.OOR 

2000.OOC 

2000.OOC 

400.00 ; 

400 .00 ; 

400.OOC 

A n i l i n e 

ppb 

330.OOC 

330.OOC 

330.OOC 

330.OOC 

330.OOC 

330.OOC 

330.OOC 

400 .00 ; 

400.OOC 

300.ODC 

300,OOC 

400.OOC 

330,OOC 

330,OOC 

500 ,00 ; 

5 0 0 . 0 0 ; 

500.oo; 
400 .00 ; 

400 ,00 ; 

330,OOC 

330 .00 ; 

400 ,00 ; 

400.OOC 

500 .00 ; 

400.OOC 
2000.00 ; 

20000.0071 

2000.OOC 

2000. OOC 

400 .00 ; 

400 .00 ; 

400 .00 ; 

Anthracne 

ppb 

330.OOC 

330,OOC 

330,OOC 

330,OOC 

330,OOC 

330,OOC 

330,OOC 

4210,00 

19800,00 

300,OOC 

300,OOC 

400.OOC 

330,OOC 

330,00< 

500.OOC 

500.OOC 

500.00< 

3970.00 

400.OOC 

330.OOC 

3J0.00C 

400.00< 

400 .00 ; 

5 0 0 . 0 0 ; 

400.OOC 

4400.00 

40000.OOJ 

1350.00 

2000 .00 ; 

400.COC 

400.OOC 

610.00 

benz id ine 

ppb 

2700.OOC 
2700,00; 
2700.OOC 
2700.OOC 
2700,OOC 
2700.00; 
2700,OOC 
3000,OOC 
3000,00; 
3000.OOC 
3000.OOC 
3000.OOC 
2700.OOC 
2700,OOC 
4000.00C 
4000.OOC 
4000,00; 
3000.OOC 
3000.OOC 
2700.OOC 
2700.00; 
3000.00< 
3000.00; 

^ 4C0O.0OC 
' 3000.OOC 
2-0000. oc ; 

200000.ooa 
3000.00; 

20000.OOC 
3000.0C< 
3000.00; 
3000.OOC 

Benzi](a) 

anthracne 

ppb 

330.00; 

330.00; 

330.OOC 

330.OOC 

330.OOC 

330,OOC 

330.OOC 
10100,00 

32900.00 

300,OOC 

300,OOC 

400.OOH 

330.OOC 

330.00; 

500.00; 

500.CO; 

500.00; 

10900.00 

400.OOC 

330.00; 

630.00 

400.OOC 

430.00 

720.00 

4 0 0 . ( 0 ; 
7500.00 

lOBOOO.OOJ 

4350.00 

2000.00; 

400,00-:-

400.00-. 

2100,-00 

Benzoia) 
pyrene 

ppb 

330,00; 

330,00; 

330.OOC 

330.OOC 

330.OOC 

330,OOC 

330.OOC 

9300.00 

30900,00 

300,OOC 

300,OOC 

400.OOC 

330,OOC 

330,OCC 

SOO.OOC 

500,OOC 

SOO.OOC 

loooo.oe 
400.OOC 

330.OOC 

430.00 

400.OOC 

400.OC; 

500.00 

400.OON 

5600,OOJ 

72000.OOJ 

3730,00 

2000.OCC 

400.00; 

4C0.00C 

1670.00 

Benzo(b) 
f l u o r 

anthene 

ppb 

330,OOC 

330,00; 

330,OOC 

330.OOC 

330,00< 

330,OOC 

330.OOC 

13030,00 

39700,00 

300.OOC 

300,OOC 
400.00< 

330,OCC 

330,OOC 

500,00; 

SOO.OOC 

5 0 0 . 0 0 ; 

14200.00 

400.OOC 

330,OOC 

930,00 

490,00 

79C,OC 

360,00 

400,OON 

4400.C0J 

60000,OOJ 

400,OOC 

2000,OOC 

400.OOC 

4 0 0 . 0 0 ; 

3390,00 

Benzo 
( g . h . i ) 

pe ry l ene 

ppb 

33i .00C 

330 ,00 ; 

330,OOC 

330,00< 

330,OOC 

330,OOC 

330,OOC 

3430.00 

12600.00 
300.00C 

300.OOC 

400.OOC 

330.OOC 

330.OOC 

SOO.OOC 

SOO.OOC 

SOO.OOC 

4100.00 

400,OOC 

330,OOC 

330.OOC 

400.OOC 

400.OOC 

SOO.OOC 

400.OON 

2000.OON 

46000.OOJ 

2160,00 

2000.OOC 

400,OOC 

400.OOC 

1300,00 

Benzo Ik) 
f l u o r 

anthene 

ppb 

330,OOC 

330.OOC 

330.OOC 

330.OOC 

330.OOC 

330.OCC 

330.OOC 

400.OOC 

400 .00 ; 

300.OOC 
300.OOC 

400.OOC 

330.eoc 
330.OOC 

500.00-; 

SOO.OOC 

SOO.OOC 

4C0.00C 

400.OOC 

330.OOC 

• 3 3 0 . 0 0 ; 

400 .00 ; 

400 .00 ; 

soo .oo ; 
400.OON 

20D0.00N 

20000,OCR 

2960.00 

2000.OON 

4C0.00N 

400.OON 

400. OWJ 

Ben i y l 

AlCGhol 

ppb 

3 3 0 . 0 0 ; 

3.30. OOC 

330.OOC 

330.OOC 

330.OOC 

330.COC 

3 3 0 . 0 0 ; 

400.OOC 

400 .00 ; 

300.OOC 

300.OOC 
400.OOC 

330.OOC 

330.OOC 

SOO.OOC 

SOO.OOC 

SOO.OOC 

400.OOC 

400.OCC 

330 .00 ; 

3 3 0 , 0 0 ; 

400.OOC 

400.OOC 

500.oc ; 
400.COC 

2000.00-; 
20000. OOF; 

2000.00; 
2000.OOC 

400. OOC 
400.OOC 
400.OOC 

b i s ( 2 - c h l 
oroa thoxy 

I s f t h a n e 

ppb 

3 3 0 , 0 0 ; 

330,OOC 

330.OOC 

330.OOC 

330.OOC 

330.OOC 

330.OOC 

400.OOC 

4 0 0 . 0 0 ; 

300.OOC 

3 0 0 . 0 0 ; 

400.COC 

3 3 0 . 0 0 ; 

330.OOC 

SOO.OOC 

SOO.OOC 

5 0 0 . 0 0 ; 

400.OOC 

400.OOC 

330.OCC 

330.OOC 

400.OOC 

40C.OOC 

SOO.OOC 

4 0 0 . 0 0 ; 

2C00.C0C 

20000.OOR 

2000.OOC 

200C.00C 

400 .00 ; 

400. OOC 

400.DOC 



-lOiLS QUALITY DATA - ASARCO RI/FS 

Sta Id 

HETHOD-2 

Ani Event 

TOT RCUND-1 

HETHDD-3 TOT ROUND-1 
HETHOD-4 TDT ROUND-1 
HETHOD-5 TOT ROUND-1 
HETHDD-6 TCT ROUND-1 
HTRXSP-1 
HTF;XSP-2 

S3-01 

SS-02 

SB-03 

SS-04 

SE-04 

SS-04-HE 

TDT R0U:,D-1 

TDT RDUNC-1 

TDT ROUND-1 

TCT ROUND-l 

TOT ROUND-i 

TOT ROUND-1 

TDT ROUKD-1 

TDT ROUND-1 

SS-04HSD TOT ROUND-1 

SS-OB 

SE-09A 

SS-09E 

SS-10 

SS-11 

SS-11-MS 

ES-llKSD 

SS-12 

SE-13 

SE-14 

SS-17 

SS-2.:i 

S3-21 

SS-22 

SS-23 

SE-24 

S5-25 

E3-26 

TOT ROUHD-1 

TOT ROUND-1 

TOT RDUND-1 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 

TCT ROUND-l 

TOT ROUND-1 

TOT ROdND-1 

TDT ROUND-1 

TOT ROLiND-1 

TCT F,'Ou-iD-l 

TDT ROUND-l 

TDT ROWIB-l 

TDT ROUiD-l 

TOT ROUI-iD-l 

TOT FOUND-1 

TOT RCIJND-. 

b i s (2 -ch l 
oroethyl) 

ether 

ppb 

330.oo; 
330.OOC 

330.OOC 

330.COC 

330,COC 

330,00; 

330,00; 

400.00; 

400.ODC 

300.00; 

300.OOC 

400.00; 

330.OOC 

330.OOC 

SOO.OOC 

SOO.OOC 

SOO.OOC 

400. OOC 

400.OCC 

330.OCC 

330.00; 

400.00-; 

400,00; 

500.00; 

400,00; 

2000.00; 

20000.0:'rt 

2000.00; 

2000.00; 

400.OOC 

400.00-; 

400.00C 

b i 5 (2 - ch l 

oro i soprc 

pyDether 

ppb 

330.OOC 

330.OOC 

330.OOC 

330.OOC 

330.00; 

330.00-; 

330.00; 

400.COC 

400.00< 

300.OOC 

300.OOC 

400.OOC 

330.OCC 

330.OOC 

500.00; 

500.00; 

SOO.OOC 

400.00; 

400.OOC 

330.OCC 

330.00; 

400.00; 

4c;i.ooc 
500.OC; 

100.00; 

2000.00-; 

20000. CS 

2000.00; 

2000.00-; 

400.00; 

400.00; 

400.oc; 

bis(2-eth 

ylhexyl) 

phthalate 

ppb 

330.00; 

330.00; 

330. OOC 

330.OOC 

330.00-; 

330.OCC 

430.00 

400.00-1 

400.OOC 

300.00; 

300.00; 

400.00fj 

790.00 

330.oc; 
500.OCC 

sec.00; 
500.00; 

400.00; 

4)0. OOC 

330.OC; 

330.00; 

400.00; 

400.00; 

SOO.OOC 

430.00 

2030.OON 

20000.00:; 

40 ; .00; 

2000..;ic; 

m.io^ 
400.001 

400.00; 

4-BroB:ioh 

t 'nyi-phen 

y l t t he r 

ppb 

330.00; 

330.OOC 

330.00; 

330.OOC 

330.OOC 

330.00< 

330.00; 

400.OOC 

400.OOC 

300.OOC 

300.OOC 

400.00; 

330.OOC 

330.OOC 

SOO.OOC 

500.00-; 

SOO.OOC 

400.00; 

400.00; 

330.00; 

330.00-; 

400.00; 

400.OOC 

500.00;; 

41:0,00; 

20i'0..iOl 

20;OO.vOE 

400. ;iO; 

2000,001 

40;;. 00; 

iOli.OO; 

4'i\.'.t.'0; 

Butyl 

benzyl 

phthalate 

ppb 

330.00; 

330.00-; 

33.).oo; 
330.OOC 

330.00-C 

330.OOC 

330.OOC 

400.00; 

400.OOC 

300.OOC 

300.00; 

400.OON 

330.OOC 

330.00; 

SOO.OOC 

500.00; 

500.00; 

400.00; 

400.COC 

330.00; 

330.00; 

400.00; 

400.00' 

500.00; 

400.00; 

2000.OON 

200f;0,00rt 

400,00. 

2000.001 

400.001 

400,oo; 
400.00; 

4-Clilcrc 

ani l ine 

ppb 

330.00; 

330.00; 

330.00; 

330.OOC 

330.OOC 

330.OOC 

330.00; 

400.00; 

400.001 

300.00; 

300.OO' 

400.001 

330.COC 

330.00; 

500.00; 

500.00; 

500,00\ 

400.00; 

400.00; 

330,00; 

330.00; 

40J.C0; 

400.00; 

500.00-1 

401.00; 

2000..i01 

2i000.01R 

2000.00. 

2000.OC; 

-100.00. 

401:.00. 

400.00; 

2-CMoro 

naphthlne 

ppb 

330.OOC 

330.OOC 

330.OIK 

330.OOC 

330.OOC 

330.00; 

330.OCC 

4C0.;1OC 

400.00; 

300.OOC 

3CO.O0; 

400.00; 

330.00; 

330.00; 

500.00; 

500.00; 

500.00; 

400.00; 

400.00< 

330.00; 

330.00; 

400.00; 

' ;oo.;io; 
500,00; 

4 )0 .00 ; 

!;0O;..O01 

2o;;CO OOR 

2000.00; 

lliOO.OO; 

400.00^' 

4;;!:. 00; 

iC.;;.00/ 

4-Chlorcip 

he.iyl phe 

nyl ether 

ppb 

330.OOC 

330.OOC 

330. SO-; 

330.OOC 

330.OOC 

330.OOC 

330.001 

400.OOC 

400.00; 

300.00; 

300.COC 

400.00; 

330.001 

330.00; 

500.00; 

500.OOC 

500.00; 

400.00; 

400.00; 

330.00; 

330.OOC 

400.00; 

400.00; 

500.00; 

;: 00,00; 

2000.00; 

2001.; .OIR 

400.00;; 

2000.001 

400.00-1 

400.JO; 

-iOO.OO; 

Chrysene 

ppb 

330.OCC 

330.OOC 

330.OOC 

330.00; 

330.OOC 

333.OOC 

330.OOC 

121C0.00 

34500.00 

520.00 

300.000 

400.0(|N 

330.OOC 

330.OOC 

530.00; 

5C0.00C 

soo.oo; 
13300.00 

400.OOC 

330.C0< 

930.00 

450.00 

550.00 

1010.00 

400.00; 

3700.003 

ii:0;.O.OOJ 

.-;2t0.00 

2000.00; 

400,110; 

400.00; 

2330.00 

Dibenzo 

(a,h) 

anthracne 

ppb 

33(1.00; 

330.00; 

330.OOC 

330.OOC 

330,OOC 

330,OOC 

330.OOC 

490,00 

2840.00 

300.OOC 

300.00; 

400.00; 

330.001 

330.001 

SOO.OOC 

SOO.OCC 

500.00; 

920.00 

400.00; 

330.00; 

330,00; 

400.00; 

400,00; 

500!OC1 

400.OON 

2000.00N 

20000. OCfi 

400.00; 

2000.00; 

400.001 

400.001 

400.OCl 

Dibenzo 

turan 

ppb 

m . O O i 
330. CO-; 

330.OOC 

330.OOC 

330.OOC 

330.001 

330.OCC 

1500.00 

72C3.00 

300.OCC 

300.00; 

400.OOC 

330. OOC 

330,00; 

500.00; 

500.OOC 

500.00; 

1900.00 

400.00; 

330.OOC 

330.001 

400.001 

400,00; 

560.Oy; 

403.001 

1300.00; 

20000.COS 

400. CO-; 

2000.00; -

400.001 

400.0c; 

-iOo.oo; 

1,1'-
D ic lo -o 

b'dnzene 

ppb 

330.00; 

330,00; 

330.OCC 

330.001 

330.COC 

330.OOC 

330.OOC 

400.00; 

400.001 

300.001 

300.00; 

400.001 

330.001 

330.00; 

500.001 

500.COC 

500.00: 

400.00; 

400.OOC 

330.00; 

333.00; 

400.001 

4OC,0C-l 

SOO.OOC 

4i;0,01<; 

200;). 10; 

21 '0 I0 . ; ;0F ; 

2010,00-1 

21100.0)-; 

^Oy.C'O; 

410.00; 

401.00-; 



SURFICIAL EGILS - ASARCC IBftSE NEUTRALS) 

Eta Id An! Event 

HETHDD-2 TOT RDUND-1 

RETHOD-3 TDT ROUND-1 

HETHGD-4 TOT RDUND-1 

HETHOD-5 TOT ROUND-1 
HETHDD-6 TDT ROUND-1 

HTRX3P-1 TOT ROUND-1 

HTRJSP-2 TOT RDUND-i 

SS-01 TOT ROUND-1 

SS-02 lOT RDUND-1 

SS-03 TDT ROUND-1 

SE-04 TOT RDUND-1 

SS-06 TOT ROUND-1 

SS-06-HS TDT ROUND-1 

SS-06HSD TDT RDUND-1 

SS-08 TOT ROUND-l 

ES-C9A TOT RGUND-1 

SS-09B TDT ROUND-1 

S3-10 TOT R0U,^D-1 

SE-11 TOT ROUND-1 

SS- l l -HS TDT RDUND-1 

SE-llHSD TOT RCUND-1 

SB-12 TDT RDUND-l 

SS-13 TOT ROUND-1 

SS-14 TOT ROLil,-D-l 

SS-19 -OT ROUND-1 

SS-20 TOT ROLND-1 

SS-21 TDT ROUND-l 

SE-22 TOT RLUND-1 

SS-23 TOT RG-JHD-1 

SS-24 TOT FCUND-1 

SS-2S TOT ROUKD-l 

SS-2i TOT ROU);D- I 

1,3-

D i c h l o r o 

benzene 
ppb 

330.OOC 

330.OOC 

330. OOC 

330.004 
330.OOC 

33.0. OOC 

330.OOC 

400.OOC 

400.00< 

300.OOC 

300.OOC 

400.OOC 

330.00C 

330.OOC 

SOO.OOC 

SOO.OOC 

SOO.OOC 

4C0,00C 

400.OOC 

330.OOC 

330.OOC 

400.OOC 

4C0.OOC 

SOO.OOC 

400.OOC 

2000.00< 

20000.OCR 

2000,00; 

20CO.COC 

4C;1.0CC 

400.oc; 
400.OCC 

1,4-

D i c h l o r o 

benzene 
ppb 

330.00 ; 

330,OOC 

330,OOC 
330.OOC 
330.OOC 

1600.00 

1340.00 

400.OOC 

400.OOC 

300.OOC 

300.OCC 

400.OOC 

1350,00 

1190,00 

SOO,OCC 

SOO,OOC 

500.OOC 

400,OOC 

400,OOC 

1330,00 

1300,00 

400,OOC 

4C0,0CC 

SOCOOC-
4D0,0C; 

2000,00; 

20000.OCR 

2000.00; 

2000.00; 

400,00; 

400.001 

400,oo; 

3 , 3 -

D i c h l o f c 
benz id ine 

ppb 

470,-OOC 

470.OOC 

470.001 
670.00; 
670 .00 ; 

670,OCC 

640,000 

800 ,00 ; 

800.OOC 

700 .00 ; 

700.OOC 

800.OON 

660.00; 

660,COC 

ICCCOOC 

900,HOC 

900,OOC 

300,000 

300.001 

470.OOC 

670.OOC 

800.001 

800 .00 ; 

900.00; 

600.00^ 

4000.00*1 

40050.OCR 

700.OCC 

4000,00-;. 
700.OOC 

200.011 

300.001 

D i e t h y l 
p h t h a l a t e 

ppb 

330.OOC 

330.OOC 

330.OCC 

330.ec; 
330.OOC 

330 .00 ; 

330.OOC 

400.OOC 

400.OOC 

3CO.00C 

30-:). OOC 

4C0.ODC 

330.00< 

330.OOC 

SOO.OOC 

SOO.OOC 

SOO.OCC 

400.OOC 

400.OOC 

330 .00 ; 

330.OOC 

400.OCC 

400.00; 

SOO.OOC 

400.COC 

2000.00; 

20000.OOR 

400.OCC 

200;^0C; 

iOO.OOC 

4O0.O0; 

400.00-1 

D i s e t h y i 

p h t h a l a t e 

ppb 

330.0C< 

330.00; 

330.OOC 

330 ,00 ; 
330,OOC 

330,OOC 
330 ,00 ; 

400,CCC 

400,COC 

300 ,00 ; 

300,COC 

400,OOC 

330,OCC 

330.OCC 

SOO.OOC 

SOO.OOC 

SOO.OOC 

400.OOC 

400.OOC 

330 .00 ; 

330.00; 

400.00-C 

400 .00 ; 

500.COC 

400.001 

2000.OOC 

20000.OCR 

2C0O.O0C 

2000.00; 
400.00; 

400.301 

400.CC; 

C' i -n-

Ei i ty ! 

p h t h a l a t e 

ppb 

330.OOC 

330.OOC 

330.OOC 
330.001 
330 .00 ; 

330 .00 ; 

330 .00 ; 

400.OOC 

400 .00 ; 

300.001 

3C0.0C-; 

400 .00 ; 

330.OCC 

330 .00 ; 

SCO.OOC 

500 .00 ; 

500 .00 ; 

4oo.::-c; 
400.OOC 

330.001 

330.OOC 

400,001 

400.001 

soo.oo; 
4C0.::)0< 

2000.10; 

2CCC0.O0R 

- 400.0C-; 

2000.00; 

400 .00 ; 

400 ,00 ; 

400.01-; 

2 , 4 -
D i n i t r o 

to luene 
ppb 

330.OOC 

330,OOC 

330,OOC 

330,CC< 
330,OOC 

1600.00 

1330.00 

400.OCC 

4GO.0OC 

300.00-; 

300.OOC 

4C0.001 

1450.00 

1330.00 

SOO.OOC 

SOO.OOC 

SOO.OOC 

400.OOC 

400.00; 

1300.00 

1430.00 

400.00; 

400 .00 ; 

SCO. 00-. 

400,OCC 

2000,00; 

2C000.0Cn 

400.001 

2000,001 

400.001 

400,eoc 
400.0C-; 

2 , 4 -

Di n i t r o 

to luene 
pps 

330,OCC 

330.OOC 

330 .00 ; 
330.OOC 

330.OOC 

330 .00 ; 

330.OOC 

400.OOC 

400.00< 

300 .00 ; 

300.0;K 

400.OOC 

330.OOC 

330.OOC 

500 .00 ; 

SCO,OOC 

SOO,CO, 

400,OOC 

400 ,00 ; 

330 ,00 ; 

33.0, OOC 

400,00-C 

400,OOC 

500 .00 ; 

400.OOC 

2000.001 

20000.006 

400.001 

20C0.001 

400.001 

400 .00 ; 

400.001 

D i - n -

Dc ty l 

Ph tha la te 
ppb 

330.COC 

330.OOC 

330.OOC 

330.OCC 
330.OOC 

330.OOC 

330.OOC 

400.OOC 

400,OOC 

300,OOC 

300,OOC 

400.00< 

330.COC 

330.OOC 

SOO.OOC 

SOO.OOC 

SOO.OOC 

400,OOC 

400.OOC 

330.OOC 

330.O0C 

400.COC 

400.0C< 

SOO.OOC 

4C0.00N 

20.50. OON 

20000.OOR 

400.00; 

2000. ;3o; 

400 .00 ; 

400.OOC 

400.oc; 

Fluor 
anthi;ne 

ppb 

330.OOC 

330.OOC 

330.OOC 

330 .00 ; 
330.COC 

370.-30 

330 .00 ; 

21SC0.CC 

75300.00 

970.00 

300.OCC 

4-00.00; 

330.OOC 

330.001 

500.CCC 

soo.oo; 
SOO.OOC 

24400.00 

400.00; 

330.OOC 

1430.00 

4C0.C0; 

990.00 

1310.OC 

400 .00 ; 

11100.00 

16'Jocc.ecj 
6730.00 

2000.00; 

400.001 

540.00 

3620,00 

f^luort-re 

ppb 

330 .00 ; 

330,OCC 

330.001 

330,OCC 
330 ,00 ; 

330.COC 

330,OOC 

2710.00 

10300.00 

300.00; 

300.OCC 

400 .00 ; 

330.001 

330.OOC 

SOO.OOC 

50C.00; 

SOO.OOC 

3090.00 

400.OCC 

330 .00 ; 

330 .00 ; 

400.OC; 

4:30.00; 

500 .00 ; 

400 .00 ; 

3000.01' 

31000.OOJ 

400.001 

2000.00; 

4CC.0CC 

400,00; 

400.co; 

Hexa 

ch lovo 
be;uBne j 

ppb 1 

330.CCC i 

33C.00C : 

330.0C-; ; 
330.00; i 

330,00; ;: 

330.00; ; 

330.00; \ 

400.OCl j -

400.OOC : 

300.OCC i 

3C0.00; 1 
400. OOC :• 

33C.00; i 

330.OOC 1 

500 ,00 ; ; 

500,OOC 1 

500, OOC '; 

400.00< j 

430.OOC j 

330.OCC i 

330 .00 ; i 

400 .00 ; j 

400.00-; 1 
500.001 j 

400 .00 ; ! 

2000.00; 1 

20000,OCR . i 

400.COC 

2000.OOC 

400.OOC 

400.001 

400.OOC 

http://21SC0.CC


SURFICIAL SOILS - ASARCO (BASE NEUTRALS) 

Hexa Hexachlar Hexa Indeno N-Hitro'jo 
chloro ocyclopen chlcro (1,2,3-cd Iso 2-Hethyl 2-Nitro 3-Nitro 4-Nitro Nitro dicethyl 

butadiene tadiene ethane Pyrene phorone naphthlne Naphthlne aniline aniline aniline benzene asine 
Sta Id Ani Event ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb 

HETKDD-2 TOT RQUND-1 330.00C 330.00C 330.OOC 330.00C 330.00C 330.OOC 330.OOC 1700.00< 1700.00C 1700.0CC 330,CCC 330.OOC 

HETHDD-3 TOT RDUND-1 330.00C 330.00C 330.OOC 330.00C 33O,0OC 330.001 330.OOC 1700.00C 1700.00C 1700.00; 330.00; 330.00; [ 

HETHOD-4 TOT ROUKD-1 330.00; 330.OOC 330.OCC 330.OOC 330.00C 330.OOC 330.OOC 1700.00; 1700.004 1700.0DC 330.COC 330.OCC ; 

HETKDD-5 TOT ROUND-1 330.00C 330.00C 330.00C 330.OCC 330.00C 330.OOC 330.00C 1700.00< 1700.00C 1700.00; 330.OOC 330.OOC i 

HETHDD-6 TOT RDUND-1 330.OOC 330.OOC 330.COC 330.00C 330,00< 330,000 330,OOC 1700,001 1700,OOC 1700,00C 330,00; 330,00; j 

HTRXSP-1 TCT ROUND-1 330.0DC 330,OOC 330,0CC 330,0CC 330.00; 330.OOC 330.00; 1700.00C 1700.00-1 1700.00; 330.OOC 330.00C ' 

HTRXSP-2 TDT ROUKD-1 330.00C 330.00C 330.OCC 330.00C 330.00< 330.OCC 330.C0; 17C0,00C 1700.00C 1700.00C 330.OOC 330.0CC 

SS-01 TOT ROUND-1 400.0DC 400.00C 400.00C 400.OOC 4CO.0OC 1800,00 3070,00 2000,00; 2390,00 2000,001 4C0,0&C 400,0&C ' 

SS-02 TDT RDUND-1 400,O0C 400,OOC 400,CCC 12600.00 40C.00C 4B0C.C0 16200.00 2000.OOC 11900.00 2000.001 400.OCC 400.OOC 

SB-03 TDT RDUND-1 300.00C 3OO.C0C 300.OCC 300.OOC 300.00C 3CO.0CC 300.001 20C0.00; 2000.OOC 2000.COC 300.OOC 3C0.00C 

S5-04 TDT RDUND-1 300.OOC 300.COC 300,COC 300,OOC 300,OCC 300,00 ; 300.OOC 2000.00; 2000.00; 2GC0.C0C 300.OCC 300.001 

SS-04 TDT RD'JND-1 400.00C 400.OCC 400.00; 4CO.O0C 400.00; 400.OOC 400.00; 2C0C.OCC 2000.00; 2000.OOC 400.OOC 4G0.00; 

SS-06-HS TOT RDUNB-1 330.00C 330,O0C 330,C0C 330.OOC 330.00C 330.00 ; 330.OOC 1700.00C 1700.00C 170C.O0C 330.OOC 330.00; i 

SS-06HSD TOT RDUND-1 330.00C 330.OOC 330.00; 330.0CC 330.00C 330.00; 330.00C 1700.00< 1700.OOC 1700.00; 330.OOC 330.00; 

SS-CB TOT ROUND-1 SOO.OOC SOO.OOC SOO.OOC SCO.OOC SOO.OOC 500 .00 ; 500.00-C 3000.OCC 3000.00; 3000.COC 5C0.0C; SOO.OOC \ 

SS-09A TOT ROUND-1 SOO.OOC SOO.OOC 500.00; SOO.C'DC SOO.OOC SCO.OCK SOO.OOC 2000.OOC 2000.OOC 2000.COC 500.001 SOO.OOC 

3S-096 TDT ROUND-1 SOO.OOC SOO.OOC 500.001 500.001 5CC.00; 500.001 500.OCC 2000.00< 2000.COC 2CO0.O0C 500.00; 5000.COC I 

SS-10 TOT RQUND-1 400.C0< 400.00 ; 400.00; 3&B0.00 400.00; 2100.00 5010.00 20C0.;;i0-l 2000.'DOC 20C0.C0C 400.00; 400.001 : 

SS-11 TDT RDUND-1 400.OOC 400.OOC 400.COC 400.0CC 400.00 ; 400.OIC 400.00; 2000.OOC 2000.001 2C0O,O0; 400.OOC -;CO.OOC • 

SS- l l -HS TOT RjUND-1 330.OCC 330.OCC 330,COC 330.00; 330.OCC 330.OCl 330.001 1700.00; 1700.OOC 1700.00; 330.00; 330.OCC 

ES-l lhSD TOT F,Lil)ND-l 330.OCC 330.COC 330.00; 370.00 330.00; 330.00; 330.001 1700.001 170C.CCC 1700.OCC 330.OCC 330.00; ! 

SS-12 TDT RQUND-1 400.00; . 400.00; 4C0.00C 400.001 400.OOC 400.0;);; 400.OOC 2000.00; 2000.00-1 2000.OCC 400.001 400.OOC 

SS-13 TOT RCUND-1 400,00; 400,001 400.00; 400.OOC 400,001 400.00 400.00; 2000.00; 2000.501 2000.001 400.001 400.001 i 
ES-14 TCT R0UIv3-l 500 .00 ; 500.001 500.001 500,00< 500,001 500.Ct ; 300.OC; 2000.001 2000.OOC 2000.001 5 )0 .00 : 500.001 

SS-19 TOT ROUND-1 400.001 400.COC 400.001 400.00i-i 400.OCl 400.011 ;CC.OC; 2000.00; 2000.OCC 2000.OOC 40ii.OO; 400.00; ; 

3S-20 TOT ROUND-l 20CO,CO; 2000,001 2000,00; 2000,OON 2C00.00; 2000.001 2000.00; 10000,00; iOCOCOOC 10000.COC 2000.OOC 2000.001 ' 

SS-2- TDT ROUJJD-l 2OCC0.OCR 2OOO0.OCR 20000.OOR 3-/00O.OO3 20CC0.00R 3:.0OC.O0J 49000. )0J lOOOOO.OOS lOOOOO.OOR lOOOOC.OtS 20000,OCR 2OC00.0OR 1 

SS-22 TCT RaUND-l 2000.OOC 2000.001 2000.001 400.00 ; 2000.OOC 2000 .01 ; 2000.00': 901:0.000 2000.00; 2000.00; 2000.001 2000.;)0; ; 

£3-23 TOT RDUHD-I 2000.00; 2CCJ.00; 21^00.70; 2000.^01 20C0.001 2000.Ov; 2100.00\ 9000.00; 9003.00; 9 )00 .00 ' 20;iC.O-)-; 2000.OOC i 

SS-24 TDT RDUND-1 400,00-; 400.00; 430.001 400.00; 410.00; lOC. lO ' 400,OO; 2000.001 2000.OC; 2000.00; 41'0.00: 400.00; j 

SE-25 TOT ROUND-1 400.00; 400.OOC 400.00; 400.OOC 400,001 JOG.OC ' ;00.;)0; 20 )0 .00 ; 20C0.00C 2000.00, 400.00; 400.OOC 1 

SS-24 TOT ftOUND-1 400.001 400.OOC 400.001 1030.00 400.OCl 400.00; 430.00; 2000.00; 2000,OCl 2000,00; 4)0,001 400,00; i 



SURFICIAL SOILS - ASARCO (BASE NEUTRALS) 

Sta Id 

HETHOD-2 
HETHOD-3 

Ani Evert 

TDT ROUND-1 
TCT ROUND-1 

HETHDD-4 TDT ROUND-1 
HETHOD-5 TDT ROUND-1 
HETHOD-6 TDT ROUND-1 
HTRXSP-1 
HTRiSP-2 
SS-01 
SS-02 
SS-03 
SS-G4 
SS-06 

TDT ROUND-1 
TOT ROUND-1 
TDT ROUHD-1 
TOT ROUND-1 
TOT ROUND-1 
TDT ROUND-1 
TDT RDUND-1 

SS-06-HS TDT RDUND-i 
SS-06HSD TDT RDUND-1 
SS-08 
SS-09A 
SS-09B 
SS-10 
SS-11 

TOT RDUND-1 
TOT RDUKD-1 
TDT RDUND-1 
TDT RDUND-l 
TDT RDUND-1 

SB-ll-HS TDT RDUKD-1 
SS-llHSD 
SS-12 
SS-13 
SS-16 
ES-19 
SS-20 
SS-21 
S3-22 
SE-23 
SS-24 
SS-25 
SS-24 
SE-27 

TDT RDUND-1 
TCT RDUND-1 
TDT ROUND-1 
TDT ROUND-1 
TOT ROUND-1 
TDT RDUND-1 
TDT ROUND-l 
TOT ROUND-1 
TOT RDU'SD-l 
TOT RDUND-1 
TOT RDUND-1 
TOT FtUND-1 
TOT ROUI;D-I 

N-Nitroso 
dipropyl 

amine 
ppb 

330,004 
330.OOC 
330,00< 
330.OOC 
330.OOC 
1400.00 
1160.00 
400.OOC 
400,004 
300.004 
300.00< 
400.OOC 

1030.00 
980,00 
500,OOC 
500,OOC 
SOO.OOC 
400,OOC 
400.OOC 
1160,00 
1100.00 
400.OOC 
400.OOC 
SOO.OOC 
400.OOC 
2000.00< 

. 20000.OOR 
2000.004 
2000.GO; 
400.OOC 
400.OOC 
4C3,00C 

2000.OOC 

N-Nitro33 
diphenyl 
aminell) 

ppb 

330.00; 
330.OOC 
330.OOC 
330.OOC 
330.OOC 
330.OOC 
330.OOC 
400.00< 
400.00< 
300.00C 
300,00C 
400.OOC 
330.OOC 
330.OOC 
SOO.OOC 
SOO.OOC 
500.00; 
400.OOC 
403.OCC 
330.OOC 
33fr.0CC 
400.OOC 
400.OOC 
500.00; 
400.00-; 
2000.00-1 

20COO.0CR 
400.OOC 

20C0.30; 
400.OCC 
400.OCC 
400.OCC 

2000.COC 

Pher, 
antlirene 

ppb 

330.00; 
330.OOC 
330.OOC 
330.COC 
330.001 
430.00 
330.OOC 

24600.00 
71400.00 
300.OOC 
300.OOC 
400.OOC 
330.OOC 
330.00< 
SOO.OOC 
SOO.OOC 
SOO.OOC 

20000.00 
400.0C< 
330.OOC 
2000,00 
490,00 
990,00 
1420.CO 
400.OOC 

20300,00 
26500:3, OOJ 

7420.00 
20C0.0C1 
400.COC 
530.00 
3390,00 
3400.00 

Pyre.iB 
ppb 

330.COC 
33C,C0; 
330,OOC 
330.OOC 
330.OOC 

2330.00 
1630.00 

30000.OOJ 
793C0.00J 

840.00 
300,OCC 
400.OON 
1B70.00 
1990.00 
SOO.OOC 
SCO.OO< 
SOO.OOC 

29600.COJ 
400.OOC 

2000.00 
3640.00 
490.OOJ 
1230.00 
1570.00 
590.00 

2B600.0CJ 
277000.OOJ 
1C700.0C 
2000.OOC 
4C0.00C 
580.00 
4530.00 
4400.00 

1.2,4-Tri 
chloro 

benzene 
ppb 

330.OOC 
330.OCC 
330.COC 
330.00< 
330.OOC 
1700.00 
1400.00 
400,OOC 
400.OOC 
300.OOC 
300.OOC 
4C0.00C 
136C.00 
1280.00 
500.00; 
500.OCC 
SOO.OOC 
400,OOC 
400,OOC 
1540,00 
1630,00 
400.OOC 
400,OOC 
500,00; 
400.oc; 
20C0.00C 

20000.OOR 
2000.001 
20C-0.001 
400.001 
4C-0.0C; 
400.00; 

2000.OOC 

PCBs 
ppb 

1000.OOC 
2OC.0O; 
200.00; 
1000.OCC 
1000,00; 

112C0,liO 
9100,00 
1000,OCN 
1000,OCN 
1000,OON 
lOCO.OON 
1000,001) 
99C0,CC 
10100.00 
2000,OON 
10C0,00N 
1000.OCN 
2S10.00J 
lOOCOO^'l 

11000.00 
lOBCO.OO 
1OCC.OCN 
1OCC.OCN 
iOGC.OCN 
1000,OCN 
2930,OCJ 
1000.OCN 

looo.cc:; 
1000.00:^ 
icoo,OCN 
10CO,OC?i 
lOCOCri 
iOCCOOJi 



SOILS DUALITY DATA - ASARCO RI/FS 

Sta Id 

HETHOD-2 

HETHOD-3 

A-:il Event 

TDT RDUND-1 

TDT RDUND-1 
HETHDD-4 TDT ROUND-1 

HETHOD-S TOT RDUND-l 

PiETHDD-6 TOT ROUND-l 

HTRiSP-i 

HTSXSP-2 

SS-01 

SS-02 

SS-03 

SS-t4 

SS-06 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 

TDT ROUND-1 

TOT RCUND-1 

TDT RDUND-1 

TOT RDUND-1 

SS-C6-HS TOT ftOL;,\D-l 

SS-04HSD 

SS-OB 

S3-09A 

S3-C9B 
SS-IC 

SS-11 
SS- l l -HS 

TOT ROUND-1 

TOT RCUND-1 

TOT RDLMD-1 

TOT ROliHD-i 

TCT ROUND-1 

TOT RDUND-1 
TDT RDUND-1 

SS-ilHED TOT ROUiiD-l 

3E-12 

SE-13 

S S - l t 

E:-19 
SS-20 

SE.-21 
Sb-22 

53-23 
i-3-24 

SS-25 

EE-24 

TDT RCJND-l 

TDT F,D0ND-1 

TDT R&UND-l 

TCT FlGU^D-l 

TDT ROUND-i 

TOT ROU.̂ D-1 

TOT ROUND-1 

TOT F-JUNT-1 

TDT R2'Jf;D-i 
TDT ROUND-i 

TCT ROUND-1 

Benzoic 

Acid 

ppb 

1700.OOC 

1700.OOC 
1700.00C 

1700.ODC 

1700.001 

17D0.00C 

1700.OOC 

2000.OOC 

2000.OOC 

2000. CO-C 

2000.00; 

2000,00; 

1700,COC 

1700,OOC 

3000,00C 

2000,00; 

20C0,C0-C 

2000.OCC 

2000.OOC 

17C0.05C 

1700.OOC 

2000.OOC 
2000.00; 

2000.OCC 

2000,OOC 

10000,00-; 
100000. OOF; 

9000,001 
9300.01; 

2000,00-1 

2000.00-; 
2000,00; 

2-Chlaro 

phenol 

ppb 

330,OOC 

330,00; 
330.OOC 

330.OOC 

330.OCC 

3130.00 

2730.00 

400.OOC 

400,OOC 

300.OOC 

300,OOC 

400,OOC 

2500.00 

2290,00 

SCO,OOC 
500.00; 

SCO.OCC 

400.OOC 

400.OOC 
2430.00 

2300.00 

400.OOC 

400.00; 
500.00; 

400.001 
2000.00; 

20000.OCR 

20)0 .00 ; 

. 2000.00; 
400.00; 

400.OOC 
401.. 00-1 

2.4-Di 

chlorc 

phe.^ol 

ppb 

333.OOC 

330.OOC 
330.0CC 

330.COC 

330.00; 

330.00; 

330.COC 

4C0.O0C 

4C0.C0C 

300.00; 

300.00; 

400.00-1 

330.00; 

330,OOC 

500.001 

SOO.OOC 

•500,00-1 

400,00; 
400,OOC 

330,00; 

33;;, 001 

400,oo; 

400.00-1 
500.001 

4C0.0C: 

2000.00, 

20000.OCR 

2000.00-; 

2000.00; 

400,00; 

400.00. 
400.00' 

2,4-Di 

Eethyi 

phenol 

m 

330.OOC 

330.OCC 
330.OOC 

330.OCC 

330.001 

330.00; 

330.00; 

400.OOC 

400.OC; 

300.001 

300.CCC 

400,00; 

330,00; 

330,OOC 

SCO,00; 

SCO.CO; 

SOO.OOC 

400.00; 

400.OOC 
330.001 

330.00; 
4io.oo; 
400.00; 

500.00; 

400.OOC 

200). 00; 
201:00, COS 

2000.00; 

20CO.0C; 

40J.Oi^l 
400.30; 

40O.00; 

2,4-Di 

nitro 
phenol 

ppb 

1700,0CC 

1700.OOC 
1700.OOC 

1700.00; 

1700.OOC 

1700.00; 

1700.OOC 

2CC0,00C 

2000,OOC 

2000,OOC 

2000,OCC 

2000,00; 

1700,00; 

1700,OOC 

3000,OOC 

2000,OOC 

2000,00; 

2000,oo; 

2000,00; 

1700,00; 

1730,00; 
2000.00-1 

2000,00; 

2000,00; 
2000.00; 

10000.00-; 
.00000.OCR 

2000.0c; 

9000.00; 
2!:OO.o&; 

2000.00; 
2000.001 

2-Hethyl 

phenol 

ppb 

330.00; 

330.00; 
330.00< 

330.00; 

330.00; 

330.00; 

330.00; 

400.001 

4C0.OG-1 

300.OOC 

300.00; 

400.00-1 

330,00; 

330,OCC 

500,001 

500.00; 

500.00; 

400.00; 

400.00; 

330.001 

330.00; 

4C0.001 

400.0c; 

500.00. 

400.OC; 

2000.001 

20000.001; 

20)0.00; 
2100.00^ 

400. iiO; 

410.00-.. 
410.00; 

4-Hethyl 

phenol 

ppb 

330.00-1 
330.COC 
330.00; 

330.00; 
330.OOC 

330.00; 
330.OCC 

4C0.00; 

40C.0C1 

300.00; 

300.00; 

400,00; 

330,OCC 

33G,00; 

500.00; 

500.001 

500.00; 
400.001 

400.00; 
330.00; 

330.00; 

400.001 

400.OOC 

500.00; 

400.oc; 
2000.00. 

2)000.OCR 

2000.00; 

2000.001 
iOO,00; 

',00,00; 

400.001 



SOILS QUALITY DATA - ASARCO RI/FS 

Sta Id Ani Event 

HETHDD-2 TDT ROUND-1 

HETHOD-3 TOT RDUND-1 
fiEThOD-4 TDT ROUND-1 
HETHDD-5 TOT ROUND-1 
HETHOD-6 TDT ROUND-1 

HTRXSP-1 TOT RDUND-1 
HTRXSP-2 TDT ROUHD-1 

SS-01 TOT RDUND-1 

SS-02 TDT ROUNC-1 
SS-03 TDT RDUND-1 

SS-04 TDT RDUND-1 

SS-06 TOT RDUND-1 

SS-06-HS TOT RDUND-1 

SS-C4HSD TOT RDUND-1 

SS-08 TDT ROUND-1 

SS-09A TOT ROUND-1 

SS-09B TOT ROUHD-i 

SS-10 TDT ROlND-1 
SS-11 TOT ROUND-1 

SS-ll-HS TOT ROUND-1 
SS-llHSD TOT RDUND-1 

SS-12 TOT RDUND-1 

SS-13 TDT ROUND-1 

SS-16 TDT RDUKD-1 

S3-19 TOT RDUND-1 

SS-20 TOT SOUND-1 
SS-21 TOT RDUND-1 

SS-22 TOT RDUND-l 

SS-23 TOT ROUND-1 
SS-24 TDT RDUND-1 
SS-2S TDT RDUND-1 

SS-26 TOT RCUND-1 

2-Nitro 

phenol 
ppb 

330.OOC 
330.OOC 

330.00; 
330,OOC 
330.OOC 

330.OOC 
330.OOC 

400.00< 
400.OOC 

300.OOC 

300.OOC 

400. OOC 
330.OOC 
330.OOC 

SOO.OOC 
SOO.OOC 

SOO.OOC 

400.OOC 

400,004 
330,OOC 
330.OOC 

400.OOC 
400.OOC 

SOO.OOC 

400.OOC 

2000.00; 
20000.OOR 
2000.OOC 

2000.00; 
400.00; 

400.00< 
400.OOC 

4-Nitro 

phenol 
ppb 

1700.OOC 

1700.00< 
1700.OOC 
1700.OOC 
i700,OOC 

3330,00 

2590,00 
400,OOC 

400.00C 
2000.OOC 

2000.OOC 

400,OOC 

1260,00 

1270,00 

3000,OOC 

2000,OOC 

2000.OOC 
400.OOC 

. 400.OOC 

1360.00 
1530.00 

400.00; 

400.OOC 

20CO.0O< 

400.OOC 

10000.OOC 

lOOOC-O.OOR 
2000.00; 

9000.COC 
4CO.O0C 

430.OOC 
400.OOC 

4-Chloro-
S-tethyl 

phenol 
ppb 

330.CCC 
330.OOC 
330.COC 
330.00; 
330.OOC 

3330.00 

2630.00 
400.OOC 
400.OOC 

300.OOC 

300.OOC 

400.001 

. 2500.00 

2410.00 
SOO.OOC 

soo.oo; 
soo.oo; 
400.03; 

400.OCC 

2530.00 
2600.00 

400.001 

400.OOC 

soo.oo; 
400.0C-; 

2000.CC; 

200CC.O0R 

2000.CCC 
2000.001 

400.oe^ 

400.001 
400.OCC 

Penta 
chloro 
pSenol 

ppb 

1700.OOC 
1700.OOC 
170C,0CC 
170O,00C 
1700,OOC 

3660,00 

3220,00 
200C,0D< 

2000,OOC 

2000,COC 

2000,OOC 

2000,00; 

4320,00 
4560,00 

3000.001 

2000,OOC 

2000,000 

2000.OOC 

2000.00; 
3490.00 

3030.00 

20CC.C0C 

2000.OOC 

2000.00-1 

2000,001 
10000.CCC 

iOOOOC.OCR 
2000.00; 

9000.OOC 

2000.0C-; 

2000.OOC 

2000.OOC 

Phenol 

ppb 

330.OOC 
330.00< 

330.OOC 
330.00< 
330.004 

3660.00 

2560.00 
400.OOC 

400.00< 

300,OOC 

3000,OOC 

400,00< 

3460.00 

• 3140,00 

SOO.OOC 

5000,00; 

500,004 

400,OOC 
400,COC 

2040.00 

2070.00 

400.0C-; 

400,00; 

500,OCC 

400,OCC 

2000,OOC 

20000,OOR 
2000,OOC 

2000,OCC 
400,OOC 

400,00; 

400.OOC 

2,4,5-Tri 
chloro 
phenol 

ppb 

1700,oo; 
1700,OOC 

1700.00; 
1700,00; 
1700,OOC 

1700,00; 

1700,OOC 
2000.OCC 

2000.00< 

2000.001 

20C0.0&C 

2000.OOC 

1700.OCC 

1700.OCC 

3000.COC 

2000.00; 

2000.OOC 
2005.00; 

2000.00; 

1700.00; 

1700.00; 

2C0C.OOC 

2C0C,CDC 

2000,OOC 

2000.OOC 
ICOOO.OOC 

ICCOOO.OOR 
9000,00; 

90CO,001 

2C00.00C 

2000.00; 

2000,001 

2,4,4-Tri 
chloro 

phenol 

ppb 

33C.00C 
330.OOC 
330.OOC 
330.OOC 
330,OOC 

330.OOC 

330.OOC 
400,00; 

400.COC 

300,OOC 

300.COC 

400.00; 

330.00< 

330.OOC 

SOO.OOC 
SOO,COC 

500,00; 

400.OOC 

400.OOC 
330,0C< 

330.00; 

430.00; 

400,00-; 

500,00c 

400.00-; 

2000.OCC 
20000.OOR 

2C0C.C0C 

2000,COC 

400,03; 

400,OOC 

400.001 



•OILS QJALITV DATA - ASARCO R1/F3 

Sta Id 

SS-27 

SS-2B 

SS-29 
SS-30 

SS-31A 

SS-31B 

SS-32 

SS-33 

bu ' JT 

SS-35 

bh/'k'C 

S3-37 

5S-3B 

S3-39 

3S-40 

SS-41 

Ani Event 

TOT RQUND-1 

TOT ROUKD-1 

TDT ROUi',D-l 
TDT RDJND-1 

TOT RDUND-1 

TOT ROUND-1 

TOT ROUND-1 

TDT RDJND-1 

TOT ROUND-1 

TOT ROLND-1 

TOT ROLND-1 

TOT f.DUND-1 

TOT RDUND-1 

TOT r:DUND-l 

TCT ROUND-1 

TCT ROUND-i 

SS-41-HS TOT ROUNC-1 

S5-41H5D TOT RDUND-1 

S3-42 

S5-43 

ES-44 

ES-4S 
S3-44 

SE-47 

SE-^a 
SE-49 

3E-5) 

SE-51 
SS-52 

SE-53 

5S-54 

5E-55 

TDT RDUND-1 

TCT RDUND-l 

TDT RJi.ND-1 

TDT RCU!;D-1 

TDT F3U\D-1 
TOT RDLffiD-1 

T3T RCl!;iD-i 
TCT R::J,\ 'D-1 

TOT : OL"; i - i 

TC: ROUND-1 
TO"̂  RQ;;ND-1 

T f ; ftlllND-l 

TOT rGUiw-l 

TO; f :L j ! iC- i 

Benzoic 

Acid 

ppb 

ICOOO.CO; 

2000.001 

2300.OOC 
2000.OOC 

2000.COC 

2000.OOC 

2OCO.O0C 

2000.C0C 

2000.OOC 

2000,OCC 

2300,00 

2000,OOC 

2coo,oo; 
2000.00; 

2003,OOC 

2000,001 

1730,OOC 

17C0.00; 

2000.00; 

2000.OOC 

2C0O.00C 

2000.00; 

2000.00; 
2000.JCC 

20C0.031 

2000.001 

2000.001 

40000.0(1^ 
51C00.01C 

5)000.00; 

rOOOO.OOl 
200.1.001 

2-Chloio 

phenol 

ppb 

2000.OCC 

400.OCC 

400.OCC 
400.OOC 

400.00; 

400.OOC 

400.00; 

400.00; 

400.OOC 

400.OOC 

400.000 

500.001 

400. CO; 

400,oc; 
400,001 

400.OOC 

1400.00 

1230.00 

400.00; 

400.00; 

400.CC> 

400.0CC 

4li0.00; 
400.001 

400.00; 
4)0,00; 

400.001 
El'OO.OO; 

vOCO.OO; 

1 OOO. 00; 

1000;;.OD; 

400.001 

2.4-Di 

chlaro 

phenol 

ppb 

2000.001 

4CC.0C1 

4C0.00C 
400.OOC 

400.CCC 

400.00; 

4CO.0OC 

400.OC; 

400.OOC 

430.00; 

400.OCl 

SOO.OOC 

400.001 

4C0.00; 

400.OCC 

400.00; 

330.OOC 

.330.00; 

400.COl 

400.OOC 

400.00; 

400.J0< 

400.00: 

400.00; 

410 ,0 ) ; 

410. -0-. 
'iO)..;.0; 

£00'). 0 ) ; 

91^10.Ov. 

lODO.oo; 
i0001.Oil 

40 : . ) ; ^ 

2,4-fli 

Bethyl 

phenol 

ppb 

2000.OOC 

400.OOC 

400.00; 
40C.00C 

400.00; 

400.OCC 

400.OOC 

40C.00-; 

400.00; 

400.OOC 

400.OOC 

500.00; 

400.COC 

400.0-K 

400.001 

4C0,03C 

330.00; 

333.0CC 

400.OOC 

400 .O i l 

4C0.CCC 

400.OOC 
4(0.Oi:.C 

400.00; 

400,OX 

400.00; 

400.001 

COCO.001 
91.00.001 

15010,03; 
;o;:00,oi.; 

400,00; 

2,4-Di 

n i t re 

phenol 

ppb 

10000.00; 

2000.OOC 

2000.CO; 
2000.00; 

2000.COC 

2000,00; 

2000.00; 

2000.00; 

2000.OCC 

2300.00-; 

2000,OC; 

2000,COC 

20CC,00; 

2000,oc; 

2000,oc; 

900.0(-; 

1700.OCC 

1700.00; 

2C0C.O0; 

2000.001 

2000.001 

2000.00; 
20C-C.C0-; 

2000.OC; 

2000.00; 

2000. ;;iO; 
2000,00; 

40;;;00.30; 
30000,00; 

SC^'OCCO; 

JviU'-'.''. VV ^ 

2010.1.01 

2-f,etr,yi 

pht:iui 

ppt 

2000.OCl 

400,00; 
4011.00; 
400.00; 

400.00; 

400.00; 

400.0) : 

400.0) ; 

400,001 

400.00; 

40C.0G; 

SCO.OCl 

400.00; 

400.00: 

4C0.;;01 

400.001 

330,00:' 

330.00; 

4CO.00; 

400.;'01 

400..•;o; 

400.00; 
;iOO.oo; 

400. ;.0; 

4;.0.)11 
T 'u ..•' , .. '. 'i 

4;0. . ) ; 

5 ) 0 1 . ) 1 . 
91:/0.11.1 

iviOlCO).' 
lOGlO.)!^ 

4; 0 . 1 : ; : 

4-l'.et;iyi 

phenol 

ppb 

2000.OCC 

400. OCC 

400.OCl 
403.001 

400.00; 

400.OOC 

400. OC 

400.001 

400.00; 

400.OOC 

400.OCC 

500.OOC 

400.OCC 

430.001 

400.COl 

400.00;; 

330.OOC 

330.OOC 

4CO.0O; 

400.00; 

400.00; 

4to.oo; 
400,00; 

400.001 

400, oo-' 
4)0.001 
400.00 

BOO.OC; 

^001.00; 

i0000.30; 

10)00.30: 

^O'l.OO. 



SOILS QUALITY DATA - ASARCO RI/FS 

Sta Id 

SS-27 
SS-2B 
SS-29 
SS-30 
SS-31A 
SS-31B 
SS-32 
SS-33 
SS-34 
SS-35 
SS-36 
SS-37 
SS-3B 
SS-39 
SS-40 
SS-41 

Ani Event 

TDT RDUND-1 
TOT ROUND-1 
TOT ROUND-1 
TOT ROUND-1 
TOT RDUND-1 
TOT ROUND-1 
TOT ROUND-1 
TOT RDUND-i 
TOT ROUND-1 
TOT ROUND-1 
TOT ROUND-1 
TOT ROUND-i 
TOT ROUND-1 
TOT ROUND-1 
TOT ROUND-i 
TOT ROUND-i 

SS-41-HS TOT ROUND-1 
SS-41HSD TOT RDUND-1 
SS-42 
SS-43 
SS-44 
SS-45 
SS-46 
SS-47 
SS-48 
SS-49 
SS-50 
SS-5i 
SS-52 
SS-53 
SS-54 
BS-55 

TOT RDUND-1 
TOT ROUND-1 
TOT ROUND-1 
TOT RDUND-i 
TOT RDUND-1 
TDT ROUND-i 
TDT ROUND-i 
TOT RDUND-1 
TDT ROUHD-1 
TOT RDUND-1 
TOT ROUHD-1 
TDT RDUND-1 
TOT RDUND-1 
TOT ROUND-1 

2-Hitro 
phenol 

ppb 

2000.00; 
400.00< 
400.OOC 
400.00C 
400.004 
400.004 
400.00C 
400.00C 
400.OOC 
400.004 
400.00< 
SOO.OOC 
400.OOC 
400.OOC 
400.004 
400.004 
330.OOC 
330.OOC 
400.OOC 
400.004 
400.004 
400.OOC 
400.004 
400.OOC 
400.OOC 
400.OOC 
400.OOC 

8000.OOC 
9000.OOC 
lOOOO.OOC 
10000.004 
400.OOC 

4-Nitro 
phenol 

ppb 

lOOOO.OOC 
400.OOC 
400.00C 
400.004 
400,OOC 
400.00C 
400.OOC 
400.00C 
400.00< 
400,004 
400.004 
2000.00C 
400.004 
400.004 
400.00< 
900.OOC 
030.OOC 
B30.00C 
2000.OOC 
400,00C 
400.004 
400.004 
400,00-; 
400.OOC 
400.OOC 
400,00; 
400,OOC 

40000.OOC 
50000.OOC 
50000.00; 
50000.OOC 

400,OOC 

4-Chloro-
3-Bethyl 

phenol 
ppb 

2000.OOC 
400.00-1 
400.COC 
400.OOC 
400,00; 
400.00C 
400,00< 
400.OOC 
400.OOC 
400.004 
400.OOC 
500,00; 
400.OOC 
400,OOC 
400.00C 
400.OOC 
1630.00 
1620.00 
400.OOC 
400,00; 
400,OOC 
400.OOC 
400,004 
400.OOC 
400,000 
400.00< 
400,00; 

8000,00-1 
9000,OOC 
lOOOO.OOC 
10000.00; 
400.00; 

Penta 
chloro 
phenol 

ppb 

lOOOO.OOC 
2000.004 
2000.004 
2000,OOC 
2000,OOC 
2000.004 
2000.OOC 
2000.OOC 
2000.OOC 
2000.OOC 
2000.OOC 
2000.OOC 
2000.004 
2000,OOC 
2000,OOC 
900,OOC 
1430.00 
1390,00 
2000.OOC 
2000.00-; 
2000.00; 
2000.OOC 
2000,OOC 
2000,OOC 
2000,OOC 
2000,OOC 
2000.00; 

40000,004 
50000.OOC 
50000.OOC 
50000.OOC 
2000.OOC 

Phenol 
ppb 

2000.OOC 
400.OOC 
400.OOC 
400.OOC 
400.00C 
400.004 
400,004 
400.OOC 
400,004 
400.OOC 
400.OOC 
SOO.OOC 
400,004 
400.OOC 
400.004 
400.004 
1330.00 
1230,00 
400.OOC 
400.OOC 
400,OOC 
400.OOC 
400.OOC 
400,004 
400.OOC 
400,OOC 
400,004 

6000,00c 
9000,OOC 
10000,004 
10000,OOC 
400.00C 

2,4,5-Tri 
chloro 
phenol 

ppb 

lOOOO.OOC 
2000.OOC 
2000.OOC 
2000.OOC 
20C0.00C 
2000,004 
2000.004 
2000.OOC 
2000.OOC 
2000.004 
2000.OOC 
2000.00; 
2000.OOC 
2000.OOC 
2000,OOC 
2000.OOC 
1700.OOC 
1700.OOC 
2000.004 
2000.OOC 
2000.OOC 
2000,OOC 
2000,OOC 
2000,OCC 
2000,OOC 
2000,001 
2000.OOC 
40000.OOC 
50000,004 
50000,004 
50000,00; 
2C00,00C 

2,4,6-Tri 
chloro 
phenol 

ppb 

2000,OOC 
400.004 
400,004 
400.004 
400.OOC 
400.OOC 
400.004 
400.OOC 
400.OOC 
400.OOC 
400.OOC 
500.004 
400.004 
400.OOC 
400.004 
400.004 
330.004 
330.OOC 
400.OOC 
400.OOC 
400.OOC 
400.004 
400.004 
400.004 
400.00-; 
400.OOC 
400.OOC 

6000.OOC 
9000.OOC 
10000.COC 
lOOOO.OOC 

400.00-; 



SDiLS QUALITY DATA - AEARCC RI/FE 

Sta Id 

3S-27 

SE-26 

S3-29 

SS-30 

SS-31A 

SS-31B 

SS-32 

S3-33 

SS-34 

SS-35 

S3-34 

SS-37 

S3-3B 

SS-39 

E3-40 

SS-41 

£3-4;-HE 

Ani E-.'ent 

TOT RCUND-1 

TOT ROUND-1 

TOT RDUND-1 

TOT ROUSD-1 

TDT FOUND-1 

TOT RDUND-1 

TDT RDUND-1 

TDT ROLtiD-1 

TDT RDU:'«D-1 

TDT RDUND-1 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 

TCT ROUND-1 

TOT ROUND-l 

TOT R2UllD-i 
TOT ROUND-1 

SS-4inSD TOT R0U.\D-1 

SS-42 

33-43 

EE-4.1 

SS-45 
SE.-44 

SE-47 

SE-il-e 

5S-4) 

EE-Sl 

£•7-51 
£5-51 

ES-53 

;B-54 

EE-5:, 

TCT ROUND-1 

TDT ROUND-l 

TDT FOUND-1 

TCT RCUND-1 
TJT RO'JND-l 
TOT RDUND-1 

TOT R!J:ND-1 

TOT ROUMD-l 

TG' RJ^Ni-l 

TCT RC.^D-1 
TOT i:QL:i;D-l 

TO- RDii;)D-l 
TG" RGL;D-1 

TOT RC'JI;D-1 

Ace 
naphthene 

ppb 

2000.OOC 

400.001 

1440.09 

2100.00 

960.00 

2690.00 

400.OOC 

400.OCC 

400.OCC 

400,004 

2560,00 

5C0,00C 

570,00 

400,004 

1490,00 

1490,00 

2090,00 

2020.00 

470.00 

400.OCC 

400.001 

1270.00 
400.OOC 

400,00; 

400,001 

4)0.001 

400.001 
B3C0.OO-

9000.00; 

looio.oo; 
lOOCO.OO; 

400.101 

Acenaph 

thylene 

ppb 

2000.OOC 

400.OOC 

400.OCC 

400.001 

300.00 

400.OCC 

400.004 

400.OC; 

400.OCC 

400.OOC 

400.OOC 

SOO.OOC 

400.OOC 

400.CCC 

590.00 

400.OOC 
330.OCC 

330.OOC 

410,00 

400.001 

400.00; 

400.co; 
400.00; 

400.00; 
4)0.00; 

400.0); 

40.00; 

9000,00; 

10000.)o; 

10000,00; 

400.00; 

Aniline 

ppb 

2000,001 

400,OCC 

400.001 

40C.0CC 

4C0.OOC 

400,OCC 

400,001 

400,00-1 

400,001 

400.00; 

400.COC 

soo.oo; 
400.001 

400.OOC 

400.OOC 

400.001 

330.COC 

330.OOC 

400.OOC 

400,00; 

400,oc; 
400.001 

400.00; 
400.00; 

400.00; 

100,o-i; 

41.0. ;oi 
EOOO.O); 

90).). oo; 
.000 ).)^;; 

\m.i.w 
'ico.oo; 

Anthracne 

ppb 

2050.00-1 

410.00 

2500.00 

3050.00 

1960.00 

4610.00 

400.OCl 

400.001 

400.00; 

400.OOC 

4060,00 

SOO.Ofi-l 

710.00 

400,00-1 

3900.00 

3430.00 
2760.00 

2750.00 

1130.00 

400.001 

1440.00 

2330.00 
400.00; 

400.00; 

-icj.co; 

410. OOC 

400,00; 
E O O O . O C ; 

9100.00' 

101)0.0..; 

10010.0)1 

H00..-0; 

Benzidine 

ppb 

20000.OD; 

3000.COC 

3000.OCC 

3000.001 

3000.001 

3000.00; 
3000.00; 

3000.OCC 

3C0C.0C; 

3000.OCC 

3000.00-1 

4000.OOC 

3000.OOC 

3000.001 

30cc.cc; 
900.00-1 
330.OOC 

2700.C0< 

3000.COC 

3000.OCl 

3000.OOC 

3000.COC 
3000.00; 

3000.001 

3000.00-: 

3300,00-
30)0,30; 

7)00).0)1 
7)00).oc; 

31000.00. 

B.)CC0.001 

3000,00) 

Ben.-ola; 

anthracne 

ppj 

20C0.3C; 

3000.CO 

5130.00 

527G.0O 

4B3C.0C 

B240.00 

400,OC; 

El 0.00 

400.00; 

400.OCl 

11100.00 

SCO.00; 

1470.00 

400.00; 

"^370.30 

B93C.00 

49B0.0C 

7290.00 

42b0.00 

400.00; 

4100.00 

7070.00 
1320.0) 

7?0,00 

74).)) 

33).;') 
llO.Oi.' 

50:̂ 0.11 • 
'lOO;.)! 

•0000,1'.-. 

D O ; ) , )0 
^00. ))' 

EeniD(a) 

pyrene 

ppb 

2000.00; 

3220.00 

4410.00 

4510.00 

4440.00 

7490.00 

400.OOC 

400.OOC 

4CO.iO< 

400.00-; 

9440.00 

SOO.OOC 

1430.00 

400,001 

6960.CC 

8570.00 

4450,00 

4430.00 

5530,30 

430.00 

3090.00 

4320,00 

1350.00 

9?3,0C 

7)0.00 

723.00 

400.0) 

E0)0.)0^ 
9i.:.0,)0; 

;;);):; 0.1;..' 

DOOO.lOl 
41:). 0)1 

Ber.zali) 

iluur 

anthene 

ppb 

2000,00; 

S5SC.00 

6410,00 

7140.00 

11003.00 

13100.00 

400.001 

1450.00 

4 Oil. OOC 

400.OOC 

14700.00 

500.00; 

2250.00 

400.OCC 

17900.00 

17500.00 
13000.00 

12400.00 

10700.00 

730.00 

5210.00 

13000.00 

:727O.O0 
:720.0C 

U40.)C 

li70.)0 

iOO.OO; 

1)00.0); 
9.00,00; 

11)00.00; 

100)0.CO--

'ilO.OO; 

Benzo 

(y,h,i) 

perylene 

ppb 

2000.COC 

1820.00 

2310.00 

1100.00 

4540.00 

5360.00 

400.OOC 

400.00; 

400.OOC 

4C0.CCC 

5570.00 

SOO.OOC 

750.00 

400.OOC 

4490.00 

372C.OO 

3660.00 

3450.00 

3430.00 

510.00 

1450.00 

3050.00 

340.00 
730.00 

500.00 

540.03 

4C;i.001 

LOOO.CC; 

9000.OOC 

10000.0); 

iCi")o.oo; 
41:0.00-1 

Benzo Ik) 

tlucr 

anthene 

ppb 

2000.CON 

4C0.00N 

400.OON 

40;). OON 

400.OCN 
400.OCN 

400.OCN 

400. OCJ 

400,001 

400.OCl 

403.OCl 

SOO.OCl 

400.CO; 

400.COC 

•4CC,00; 

400.001 

330.00-1 

330.00; 

400.001 

4CC.00; 

400.001 

400.001 

400.00; 

400.001 
400.00; 

iOO.05; 

410,.)); 

80)0.0); 
90:JC.011 

1)000.)0; 

10000.011 

40).)); 

Btnzyi 

Aicchol 

ppb 

2C0O,00C 

400,OOC 

400,30; 

400.001 

400,OCC 

400,OCC 

400,oc; 
400.00; 

400.00; 

400.00; 

400.00; 

SOO.OOC 

400,0l)< 

4C0,CC1 

400.001 

4C0,00C 

33),00; 

330,oc; 
400.OCC 

40).HOC 

400.00; 

400.05-; 

400.001 
400.00; 

400.0c; 

400.0); 

400.1.0; 

)0';KI.OO; 

9000.00; 

:C.))0,0); 

!;iO)0.):)l 

400.30-

b:5(j-chl 

coeihoxv 

iaethane 

ppb 

2000.001 

400.00; 

400.COC 

400.001 

400.OOC 

400.OCC 

400.COl 

400,00; 

403.OCl 
4C0.0C; 

4co.:.oc 
50).OCl 

400.OOC 

400.001 

soo.oo; 
400.00; 

330.OCC 

330.00; 

400.OOC 

-00.00-1 

400.00) 

40). 00; 

400.COC 

403.CCC 
400.001 

400.00; 

4)0.00; 
3)00.00; 

9)00, ;.C; 

:)OCO..;); 

li.OK.Cl-l 
-iOO.O;!; 
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SOILS QUALITY DATA - ASARCO RI/FS 

Sta Id 

SS-27 

ES-28 

5S-29 

ES-30 

SS-31A 

SS-31B 

ES-32 

SS-33 

3S-34 

SS-35 

SS-34 
S3-37 

3S-3B 

ES-39 

SE-40 

SS-41 

Ani Event 

TOT RDUND-1 

TOT ROUND-1 

TDT ROUND-1 

TDT ROUND-I 
TOT ROUND-1 

TDT RDUND-1 

TCT RDUND-1 

TDT RDUND-1 

TOT RDUHD-1 

TCT RQUND-1 

TOT ROUND-1 

TDT ROUND-1 

TOT RDUI;D-I 

TDT ROUND-l 

TOT RDUND-1 

TOT RDUND-1 

ES-41-HS TOT R3UND-1 

3S-41HSD TDT ROUHD-l 

S5-42 

SS-43 

SS-44 

SS-4S 

SS-44 

SE-47 

SS-48 

SS-49 

3S-50 

SS-51 

SS-52 

SS-53 

35-54 

SE-55 

TDT RDUND-1 

TDT ROLND-1 

TOT RDUND-1 

TDT ROUND-1 

TOT ROUND-1 

TDT RDUND-1 

TOT ROUND-1 

TOT F,DUND-1 

TOT ROLiSM 

TDT RC'JND-1 

TOT ROUND-1 

TCT ROLND-1 

TOT RDLND-: 

TOT RO'JNC-1 

b i s { 2 - c h l 

o r o e t h y l ) 

e ther 

ppb 

2000.004 

400.004 

400.OOC 

400.OOC 

400.OOC 

400.COC 

400.OOC 

400.OOC 

400.00C 

400,OOC 

400,OCC 

500,OCC 

4CO.O0C 

400,OOC 

400,OCC 

400.OOC 

330.OOC 

330 .00 ; 

400 .00 ; 

400.OOC 
400.00-C 

400.OOC 

400.00 ; 

400.OOC 

450.004 

400.OOC 

400 .00 ; 

BOOCOO; 

9000,001 

10000,00-1 

10000,004 

400,00 ; 

b i 5 ( 2 - c h l 

o r o i s o p r o 

p y D e t h e r 

ppb 

2000,00c 

400.OOC 

400,OOC 

4C0.O0C 

400,OOC 

400,004 

400,004 

400,OOC 

400.OOC 

400.OOC 

400.OCC 

SOO.OOC 

400.OOC 

400.OOC 

400,004 

400,001 

330.OOC 

330,OOC 

400 .00 ; 

400.OOC 

400.OOC 

400.001 

400.OOC 

400.004 

4C0.O0; 

400.00 ; 

4;)0.00; 

BOCO.OOC 

9000.00; 

10000.00; 

1 COCO,001 

400.001 

b i 5 ( 2 - e t h 

y l h e x y l ) 

p h t h a l a t e 
ppb 

2000.oc; 

400.OOC 

400.00; 

400.OOC 
400.00; 

400.OOC 

400.OOC 

400.COC 

400.00; 

400.OOC 

450.00 

SOO.OOC 

530.00 

40C.C01 

400.001 

400.OOC 

330.CDC 

330.OOC 

4C0.C0C 

400.00; 

400.OOC 

400,OCC 

4C0,0CC 

400. OC 

400.004 

400.001 

4)5.001 

BOOCOO; 

9000.00; 

10000.00; 

icoco.oo; 
400,001 

4-Broi!iiM;h 

eny l -phen 

y l e the r 
ppb 

2000,OOC 

400,004 

100,001 

400,COC 
400,004 

400 ,00 ; 

4C0,0OC 

400,OCC 

400,004 

400,OOC 

400,OOC 
500,00-; 

400,CCC 

400,COC 

400,OCC 

4CO,OOC 

330 ,00 ; 
330 ,00 ; 

400.0C-1 

400,004 

400,OOC 

400,004 

400,004 

400,co; 
400,COC 

400,004 

400.00-1 

Booc.oc; 
90 )0 .00 ; 

i0000.OOC 

10000.0) ; 

400.001 

Bi , ty l 

benzyl 

p h t h a l a t e 

ppb 

2000.OOC 

400.001 

400.OOC 

400.OOC 

400.OOC 

400.OOC 

400.00; 

400.OOC 

400.OOC 

400.00; 

400,004 

SOO.OOC 

400.OOC 

400.OCC 

400.001 

400.OOC 

33G.00C 

330.COC 

450.OOC 

400,00; 

400,004 

400,OCC 

400,30; 

400,004 

400.00/ 

400.OOC 

400,001 

BOOCOO; 

9C00,C0C 

10000,001 

iCOCO.001 

400.OC; 

4 -Ch lo rc 
an i l i r i t 

ppb 

2000,00; 

400,OCC 

400,001 

400.00; 

4CC00C 

400,00; 

400,00; 

4CO,O0C 

40CO0C 

400,COC 

4C0.O0C 

5 0 0 . 0 0 ; 

400 .00 ; 

400.OCC 

400.OOC 

400.OOC 

330.COC 

330.OOC 

400.COC 

400.COC 

400,OCC 

400.OCC 

4 0 0 . 0 0 ; 

400.OOC 

400.oc; 
4 0 0 . c t ; 

400 .00 ; 

BOOCOO; 

9 0 0 0 . 0 ) ; 

lOOOO.OOC 

locococ; 
4)0.00; 

2-Chloro 
i-.aphthlne 

ppb 

2eoc,ooc 
400,OOC 

400,00 ; 
400 .00 ; 

400,COC 

400,OOC 

40C00C 

400 .00 ; 

400,004 

4C0.00C 

400.OCC 

500 .00 ; 

400.001 

400 .00 ; 

400.OOC 

400,'304 

330 ,00 ; 
330.OOC 

400.OOC 

4CO.0OC 

400.OCC 

400.001 

400.004 

400.OCC 

4C0.CCC 

400.OOC 

400.0C-. 
EOCC.OOC 

9000.00 ; 

ICOCCOO; 

10000.00-1 

4C0.O); 

4-Chlo,-op 
henyl phe 

ny l e ther 

ppb 

2000.OOC 

400 .00 ; 

400.001 

400.001 
40COOC 

400.00-1 

400.OOC 

400 .00 ; 

400 .00 ; 

4CC00C 

4CC00C 

SOO.OOC 

400.OC; 

4CC..00; 

4CC0C; 

4C0.C0; 

330.OOC 

330,OOC 

400.00-C 

400.OOC 

4C0.C0; 

400,004 

400.00 ; 

4.00, uOC 

4C0.00; 

4C0.110-; 
4C0.0(:; 

0000. OOC 
900C0C; 

10000.oo; 

10000.00; 

400.COC 

Chrysene 

ppb 

2500.00 

3190.00 

5130,00 

4890,00 
6740,00 

9220,00 

400,00c 

990.00 

400,00c 

400.OOC 

11900,00 

500,OOC 

ISBCOO 

400.CCC 

10900.00 

11500.00 

7980.00 

6290.00 

8470.00 

400.OOC 

3730.00 

7810.00 

l i 40 .CC 

1C90,00 

940.00 

1030.00 

400.OC; 

8000 .00 ; 
9000.OOC 

lOCOCOOC 

ICOOO.OOC 

400.COC 

Dibenzo 

l a , h ) 

anthraci-,e 

ppb 

2C0CC0C 

400.OOC 

400.OOC 

400.COC 

1100.00 

1160.00 

4C0.00C 

400 .00 ; 

400.OOC 

400.OOC 

1520.00 

SOO.OOC 

4CCO0C 

400.001 

1640.00 

400 .00 ; 

330.OOC 

330.OOC 

400.004 

400 .00 ; 

400.COC 

540.50 

400.001 

400.OCC 

400.001 

400.001 

400.OCl 

80DO.OOC 
9000.OOC 

lOOCO.Ol'C 

lOOOO.OOx 

400 .00 ; 

DibcnzG 

lurar , 

ppb 

2000.001 

400.OOC 

1000.05 

1900. CO 

B30.00 

23C0.C0 

400.OOC 

400.03C 

400.001 

400.001 

1900.00 

SOO.OOC 

400.001 

400.OCC 

1800.00 

1100.00 

930.00 

B3C.0C 

400.OCC 

40CO0; 
400.COC 

1200.00 

400.OCC 

400.OOC 

400 .00 ; 

4 0 0 . 3 ) ; 

400.OC; 

60-')0.00-1 
9000.00 ; 

looco.co; 
10000.OCl 

400.00^-

1 ')-

D i c l e r o 

bsnzens 

ppb 

2000.COC 

400.OCC 

4C0.00C 

400. OOC 

4C0.00; 

400.00 ; 

4C0.0C; 

' 4 0 3 . 0 0 ; 

4 CO.OOC 

400.OOC 

400 .00 ; 

SOO.OOC 

400.001 

4-;>0.004 

400.COC 

400 .00 ; 

330.COC 

330 .00 ; 

400.COC 

40C00C 

400,004 

4CO.CO; 

400.OOC 

400.OOC 

4C0.0.5C 

400.001 

400.001 

6000.OCC 

9000.OOC 

ICCOCOOC 

lOCOCOOC 

400,00 ; 

K-

! i 
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Paraaet r i x I n c , — E n v i r o n i e n t a l Data S y s t e i 

SURFICIAL SOILS - ASARCO (BASE NEUTRALS) 

Sta Id 

SS-27 

SS-2B 

SS-29 
SS-30 

SS-31A 

SS-31B 

SS-32 

SS-33 

SS-34 

SS-35 

SS-36 

SS-37 

ss-3e 
SS-39 

SS-40 

SS-41 

Ani Event 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 
TOT ROUND-I 
TDT ROUND-i 

TOT ROUND-1 

TDT ROUND-1 

TOT ROUND-1 

TOT RDUND-i 

TOT ROUND-1 

TDT ROUND-i 

TDT ROUND-1 

TOT ROUHD-1 

TOT RDUND-1 

TDT ROUND-1 

TOT RDUND-1 

SS-41-HS TOT ROUND-1 

SS-41HSD TOT RQUND-1 

SS-42 

SS-43 
SS-44 

SS-45 

SS-46 

SS-47 
SS-4B 

SS-49 
SS-SC 

SS-51 
SS-52 

SS-53 

SS-54 

ss-ss 

TDT ROUND-1 

TOT ROUND-1 
TOT ROUND-1 

TOT RDUND-1 

TDT RDUND-1 
TOT ROUND-1 

TDT RDUND-1 

TOT RDUND-1 

TOT RDUND-1 
TDT ROUND-1 

TOT RDUND-1 

TDT RGUND-1 
TDT ROUND-1 

TDT ROUND-1 

1,3-

D i c h l o r o 

benzene 

ppb 

2000.001 

400.004 

400.OOC 
400.004 

400,004 

400,004 

400.OOC 

400.OOC 

400.OOC 

400.004 

400.00C 

500,004 

400,004 
400.OOC 

400,OOC 

400,004 

330 ,00 ; 

700.00 

400,004 

400,004 

400,OOC 

400 ,00 ; 

400.004 

400.OOC 

400,004 

400,004 
400,004 

8000 ,00 ; 

9000 ,00 ; 
l-OOOCOCC 

10000,00-; 
400 ,00 ; 

1 ,4-

D i c h l o r o 

benzene 

ppb 

2000.OOC 

400.004 

400.004 
400.OOC 

400.OOC 

400,OOC 

400.OOC 

400.OOC 

400 .00 ; 

400,004 

4 0 0 , 0 0 ; 
500,004 

400,004 

400.OOC 

400 .00 ; 
400.OOC 

900.00 

730.00 
400.OOC 

400.OOC 
400.OOC 

400.004 

400.OOC 

400 .00 ; 
400.OOC 

4CC00C 

400.004 

BOOCOOC 

9000.00 ; 
10000.00; 

lOOOO.OOC 

400 .00 ; 

3 , 3 - -

O i c h l o r o 

b e n z i d i n e 

ppb 

4000 .00 ; 

700 .00 ; 

700,004 
eoc OOC 
BOO.OCC 
800,OOC 

800,OOC 

BOO,OOC 

BDCOOC 

800,OOC 

700 ,00 ; 

900,OOC 

700 ,00 ; 

800 .00 ; 

800.OOC 

900 .00 ; 

640.00C 

44C00C 

700.OCC 

60;). 00 ; 

700 .00 ; 

700.COC 
700.OOC 

800.CO; 

800 .00 ; 

600 ,00 ; 

700 ,00 ; 

20000,004 
20000,00; 

20000,00; 
20000.00; 

600 .00 ; 

D i e t h y l 

p h t h a l a t e 

ppb 

2000.00C 

400.OOC 
400,004 
400.004 

400,004 

400.OOC 

400,004 

400,004 

400,OOC 

400.004 

400.OOC 

SOO.OOC 

400.OOC 

400.004 

400.OOC 

400.OOC 

330.OOC 

330.004 

400.OOC 

400.OOC 

40C00C 
400.OCC 

400.OOC 

400.OOC 

400.00; 
400.OCC 

400 .00 ; 

BOCO.OOC 

9000,00 ; 

icoocoo; 
lOCOCOOC 

400.OOC 

D i s e t h y i 

p h t h a l a t e 

ppb 

2000.004 

400.OOC 
400.OOC 
400.004 

400.OOC 

400.OOC 

400.OOC 

400,OOC 

400.OOC 

400.OOC 

1520.00 

SOO.OOC 

400.OOC 

400.00 ; 

430.00 

400.00; 

330.00; 

330.00< 

400.OOC 

400,004 
400,OOC 

400,004 
400,00; 

4CC001 
400 ,00 ; 

400,COC 
400,00; 

BOOCOO; 

9000,COC 
10000,00; 

1COCO,00; 

400 ,00 ; 

D i - n -

Buty l 

ph tha la te 

ppb 

2000.OOC 

400.OOC 
400.OOC 
400.OCC 

400.00; 

400.00; 

400.00; 

400.OOC 

400.OOC 

400.00; 

400.OOC 

SCO.OCC 

400.OOC 

400.00; 

400.00; 
400.0C< 

33C0CC 

330.OOC 

400.00; 

400.00; 

400.00; 

400.00-1 

400.OOC 

400.00; 
400.CCC 

400.00; 

400.001 

6000.001 
9000.00; 

10000.001 

lOOOCCO; 
4CC001 

2 ,4 -

D i n i t r o 

to luene 

ppb 

2000.OOC 

400.001 

400.00; 
400.004 

400.001 
400.00; 

400.OOC 

400.OOC 

400.COC 

400.004 

400.004 

500.004 

400.OOC 

400.00; 

400.004 
400.OOC 

900.00 

640.00 

400.00; 

400.00; 

400.CO; 

40C00 ; 
400.cc; 
400.00; 
400.OOC 

400.OOC 
400.OOC 

8000.C0< 

9000.00; 

10005.001 
i0000.00; 

4CC00; 

2 ,6 -

D i n i t r o 

to luene 

ppb 

D i - n -

Octyl 

Phthalite 
ppb 

200C00C 2000.00C 

400.00 C 400.OOC 

400.OOC 400.OOC 
400.OOC 400.004 

400.004 400.00C 

610.00 400.OOC 

40C00C 400.OOC 

400.OOC 400.004 

400.00 ; 400.004 

400.00; 400.004 

400.00 

500,00 

400.00 

400.00 

400.00 

400.00 

330.00 

330.00 

400.00 

400.00 

400.00 

400.00 
400.00 

400.00 

400.00 

400.00 

400.00-

8000.00< 

9000.00 
10000.00-

10000.00 

400. oo 

C 400.OOC 

C SOO.OOC 

1 400.004 

C 400.OOC 

; 400 .00 ; 

; 400.OOC 

; 330 .00 ; 

33C00C 

1 400 .00 ; 

1 400.OOC 

400.OOC 
1 400.OCX 

400.001 

400.OOC 
1 400.OOC 

400.OOC 

400.OOC 

BOOCOOC 

9000.OOC 
lOOOCOOC 

10000.00; 

400 .00 ; 

F luor 

anthene 

ppb 

4200.00 

4620.00 

12900.00 
12000.00 

16700.00 

23000.00 

400.004 

1910.00 

400.OOC 

400 .00 ; 

18600.00 

SOO.OOC 

2300.00 

400.OOC 

25000.00 

23100.00 

16300.00 

16900.00 

15100.00 

400.OOC 

B94C0C 

190CC00 

2780.00 

121C0C; 

1290.00 
1630.00 

400.001 

BOOCOCl 
9000 .00 ; 

looocoo; 
10000.001 

400 .00 ; 

F luorene 

ppb 

2000.004 

400.004 

2130.00 
3010.00 

1940.00 

3580.00 

400 .00 ; 

400 .00 ; 

400.00C 

400,00c 

3150.00 

SOO.OOC 

570.00 

400 .00 ; 

3200.00 

2390.00 
1990.00 

1820.00 

1030,00 

40C00C 

560,00 
2010,00 

400.OCC 

400.001 
400.004 

400.CCC 

400.oc; 
BOOCOOC 

9CCC0C; 
10000.oc; 

iccoo.uo; 
400 .00 ; 

Hexa 

c h l o r o 

benzene 

ppb 

2000.OOC 

400.OOC 
400.00C 
400.OOC 

400.OOC 

400.OOC 

400.OOC 

400.OOC 

40C00C 

400.OOC 

400.004 

SOO.OOC 

400.OOC 

400.OOC 

400.OOC 

400.004 

330.504 

330.OOC 

400.OOC 

400.COC 

400.0CC 

400 .00 ; 

400.OOC 

400.OOC 

400.OOC 
400.OOC 

400.OOC 

BODCOCC 
9000.004 

10000.00; 

ICCOCOOC 

4CC00C 



SURFICIAL SDILS - ASARCO (BASE NEUTRALS) 

Sta Id Ani Eve.it 

H -N i t roso 

d i p r o p y l 

aoine 

ppb 

H-Hi t roso 

d ipheny l 

a a i n e l l ) 

ppb 

Phen 

anthrene 

ppb 

Pyrene 
ppb 

1 , 2 , 4 - T r i 

c h l o r o 

benzene 

ppb 
FCB? 

ppb 

SS-26 

SS-29 

SS-30 

SS-31A 

SS-31B 

SS-32 

SS-33 

SS-34 

SS-35 

SS-36 

SE-37 
SS-3B 

SS-39 

SS-40 

SS-41 

TDT ROUND-1 400.OOC 

TOT RDUND-1 400,OOC 

TOT RDUHD-1 400,004 

TOT RDUHD-1 400,004 

TDT RDUND-1 400,004 

TOT RDUND-1 400,004 

TOT RCUND-1 400,004 

TOT RDUND-1 400,OOC 

TOT RDUND-1 400.OOC 

TDT ROUND-1 400.OOC 

TOT ROUND-1 500,00-; 

TOT ROUND-1 400,004 

TDT RDUHD-1 400,004 

TOT ROUND-I 400.004 

TDT RDUND-1 400,004 

SS-41-HS TOT ROUND-1 1060.00 

SS-41HSD TDT RDUND-1 930.00 

SS-42 TOT ROUND-1 400.OOC 

SS-43 TOT ROUND-1 4OCO0C 

TOT ROUND-1 400.00C 

TOT ROUND-1 400.OOC 

TDT ROUND-1 400.OOC 

TDT ROUKC-1 400.OOC 

TDT RDUND-1 400.OOC 

TDT ROtlND-1 400.004 

TOT RDUND-1 400.OOC 

TOT F,CUND-1 6000.COC 

TCT ROUND-1 90CO.OOC 

TDT ROUND-l lOOOO.OOC 

TDT F.DUND-1 lOOOCOOC 

TOT ROUND-1 400.OOC 

TOT RCUND-1 400.OOC 

TOT .^OUND-l 400 .00 ; 

SS-44 

SS-4S 

3S-46 

ES-47 

SE-4B 

SS-49 

SS-50 

SS-51 

SE-52 

SS-S3 

SS-54 

SS-55 

SS-56 

SS-E7 

400.OOC 

400 .00 ; 

400 .00 ; 

400.004 

400.OOC 

400 .00 ; 

400,004 

400,004 

400.OOC 

400.OOC 

SOO.OOC 

400 .00 ; 

400.00C 

400.004 

400.OOC 

330.004 

1390.00 

400.OOC 

400.OCC 

400.OOC 

400.OOC 

400.OOC 

4C'C00C 

400 .00 ; 

400.OOC 

400,00; 

BCOCOCC 

9000,0C-; 

iOOOCCo-l 

lOOOCCOl 

4CC0C1 

400,004 

2630,00 

13200.00 

14200.CO 

12100.00 

23500.00 

400 .00 ; 

1070.00 

400,004 

400,OOC 

17600,00 

500 ,00 ; 

3300,00 

400,OOC 

22600.00 

21600,00 

17600,00 

15600,00 

6850.00 

400.OOC 

8190,00 

166CO.00 

1670.00 

1040,00 

690.05 

1 I f 0 . 0 0 

400.OOC 

BCOCOCC 

9000.00; 

ICOOO.OOC 

lOCOCCO; 

400.00; 

400.0C-; 

40C0C; 1370.00 

4070.00 

15100.00 

12800.00 

19000.00 

24500.00 

400.OOC 

1440.00 

400.COC 

400.OCC 

29400.00 

s e e OOC 

2930.00 

400.COR 

20300.OOJ 

26000.OOR 

173C0.00R 

22900.OCR 

13200.OCJ 

430.OOJ 

12200.OOJ 

1S90C0CJ 

3140.00J 

1450.OCJ 

1430.OOJ 

1900.00J 

4CCO0R 

BOCO.OOC 

9CC0.CCC 

1C005.001 

lOOOCOC-1 

400.OOC 

400.004 

2490.00 

400.OCC 

400.OOC 

400 .00 ; 

400 .00 ; 

400.OOC 

400.00-C 

400.OOC 

400.004 

400.OOC 

400.00; 

500 .00 ; 

400.OOC 

400.OOC 

400 .00 ; 

400.00-C 

1100.00 

1030.00 

400.COC 

400.004 

400.OCC 

400.00C 

400.OOC 

400.COC 

400.004 

AOO.OOC 

400 .00 ; 

BOOCOCl 

9COO.00C 

lOCOCOCC 

103CCC01 

ICOCOCC 

loocoo; 
1000.OCC 
1GOO.00; 
ICOO.CCC 

41-00.00 

472C0C 

lOOCOOC 

1 CCC OON 

1;100.00,'( 

1 OOC OON 

3940,003 

100C.05N 

1000.00!! 

1000,OON 

10300.OC 

10900.OC 

1000.OON 

10EO.0:)J 

1000.OON 

1 OOC OCN 

I IECO'JJ 

ICCCOC-N 

1 CCC OCN 

ICOO. 00!! 

1000.CON 

1300.OCN 

1000. OCl! 

ICOO.OON 

2C0C00N 

400.00; JOCC.OON 

400.004 1000.OON 

4CC.C0C lOCO.OlN 



SURFICIAL SDILS - ASARCO (BASE NEUTRALS) 

Sta Id 

S5-27 

SS-28 

SS-29 

SS-30 

SS-31A 

SS-31B 

SS-32 

SB-33 

SS-34 

SS-3S 

SS-34 

SS-37 

SS-3B 

SS-39 
SS-40 

SS-41 

Ani Event 

TOT ROUND-1 

TOT ROUHD-1 

TDT RDUND-i 
TDT RDUND-1 

TOT ROUND-1 

TOT ROUND-i 

TOT ROUND-1 

TOT RDUND-1 

TOT ROUHD-1 

TOT ROUND-1 

TOT ROUND-1 

TDT ROUND-1 

TOT RDUND-1 

TDT RDUND-1 

TOT RDUND-1 

TOT ROUHD-l 

SS-41-HS TOT RDUHD-1 

SS-41HSD TDT RDUND-1 

SS-42 

SS-43 

SE-44 
SS-45 

SE-46 
SS-47 

ES-48 
BS-49 

SS-50 
SS-51 

SS-52 

SS-53 
SS-S4 

SS-SS 

TOT RDUND-1 

TDT RDUND-1 

TOT RDUND-1 
TDT RDUND-1 

TOT ROUND-1 

TOT ROUHD-1 
TOT RDUND-1 

TOT ROUHD-1 
TOT ROUND-1 

TOT ROUND-1 

TDT ROUND-1 
TOT RCUND-1 

TOT RDUND-1 

TOT RDUND-1 

H-Ni t rosD 

d i p r o p y l 

a i i n e 

ppb 

2000.OOC 

400,004 

400,004 
400,004 

400,004 

400,004 

400,004 

400,OOC 

400,004 

400,004 

400.OOC 

500.004 

400.OOC 

400 .00 ; 

400.004 

400.OOC 

1060.00 

9 3 C 0 0 

400.OOC 

400 .00 ; 

400.OOC 
400 .00 ; 

400.004 

400.OOC 

400 .00 ; 

4CC-001 

400.OOC 
BOOCOO; 

9000 ,00 ; 
lOOOCOOC 

lOOOCOOC 

400 ,00 ; 

N -N i t r oso 
d i p h e n y l 

a B i n e l l ) 

ppb 

2000.OOC 

400.004 

400,004 

AOC OOC 

400,00-; 

400,004 

400,004 

. 400,004 

400 .00 ; 

400.004 

400 .00 ; 

500.OCC 

400.004 

4 0 0 . 0 0 ; 

400.OOC 

400.OOC 

330.OOC 

1390.00 

400.OOC 

400 .00 ; 

400.004 
400.COC 

4 0 0 . 0 0 ; 

400.OOC 

400.001 

40C00-C 
400.OOC 

BOOCOOC 

9000.CCC 
lococoo; 
lOOOCOOC 

400 .00 ; 

Phen 

an threne 

ppb 

3600.00 
2630.00 

13200.00 
14200.00 

12100.00 

23500.00 

400.00-; 

1070.00 

4 0 0 . 0 0 ; 

400.COC 

17800.00 

500 .00 ; 

3300.00 

400.OOC 

22600.00 

21600.00 

17600.00 

15600.00 

BBSO.OC 

400.OCC 

8190.00 

16400.00 
1470.00 

1040.00 

890.00 

1 I C C 00 

400,00-1 
BOOCOCl 

9000,OCC 

10000,00-1 
lOOOCOOC 

400 ,00 ; 

Pyrene 

ppb 

4400,005 
4070,00 

15100,00 
12800,00 

19000,00 

24500,00 

400,004 

1640,00 

400 ,00 ; 

400,OOC 

29600,00 

5CC00C 

2930,00 

400,001 

20300,00 

26000,OCN 

17300.00JI 

229CC0CN 

13200.00 

430.00 

12200.00 
15900.00 

3140.00 

1650.00 

1460.00 
1900.OC 

4 C C 0 0 ; 

BOOCOO; 

9C0CC0; 

10000.CCC 
looococ; 

400 .00 ; 

1 . 2 , 4 - T r i 

c h l o r o 

benzene 

ppb 

2000 .00 , 

400.OOC 

400.OOC 
AOO.OOC 

400.OOC 

400.00C 

400.OOC 

400,004 

400,OOC 

400,OOC 

400,OOC 

500,OOC 

400,004 

400,004 

400,000 

400.004 

1100,00 

1030,00 

400,004 

400,00; 

400,00; 

400,00; 

4CC00C 

400.OOC • 

400.00-1 
400.00; 

40C001 

6000.00; 

90CC0C; 

ICOOCOO; 
ICCOCOOC 

400.00; 

PCBs 

ppb 

1000.OOH 

1000.00; 
lOOO.OOC 
1 OOC OOC 

1000.004 

1000 .00< 

4100.00 

4720.oc 

lOOO.OOC 

1000.CON 

1000.OON 

1000.OCN 

3940.OOJ 

1000.OON 

1000.CON 

1000.OON 

10300.00 

10900.00 

1000.CON 

lOBO.OOJ 

1 COC OON 
lOOCOOi 

1160.003 

1OCC.OON 

1000.OCN 

looo.oct; 
1000.OCN 
1000. OOi 

lOCCOCN 

1000.OON 

2000,00)1 

1000. COf! 



:OILS DUALITY DATA - ASARCO RI/FS 

Sta Id 

SB-56 

SS-S7 

SS-58A 
SS-58B 

SS-59 

SS-60 

Ani Event 

TOT RDUND-1 

TOT ROUND-1 

TOT RDUND-1 
TOT RDUND-1 

TOT RDUHD-1 

TDT ROUND-i 

- SS-60-HS TOT RDUND-1 

-SS-60HSD TOT RDUND-1 

SS-61 

SS-62 

SS-63A 

SS-43B 

SS-64 

SS-65 

SS-66 

SS-67 

•SS-6B 

TOT ROUND-1 

TOT ROUND-i 

TOT RDUND-1 

TOT ROUND-1 

TDT ROUND-1 

TOT RDUND-1 

TOT RDUND-1 

TDT RDUHD-1 

TDT ROUND-1 

- SS-6B-nS TOT ROUND-1 

•SS-6BHED TDT RDUND-1 

SS-69 

SS-70 

- SS-HHIO 

> SS-HHll 

- SS-HW12 

TDT ROUND-i 

TOT RDUHD-1 

TOT RDUKD-1 

TDT RDUND-1 

TDT ROUND-i 

V SS-HH12U TOT RDUND-1 

^SS-HH4 

- SS-HMS 

. SS-HH7 

X SS-KHB 

TOT RDUND-i 

TDT RDUND-1 

TDT RDUND-1 

TDT RDUND-1 

Benzoic 

Ac id 

ppb 

2000.004 

2000.00C 

20000.OOC 
20000.004 

lOOOO.OOC 

40000.004 

34000.OOC 

34000.00C 

2000.004 

2000.004 

2000.OOC 

2000.004 

200CO.OOC 

2000.004 

2000.OOC 

2000.OOC 

2000.004 

1700.004 

1700.004 

2000.00C 

90000.OOR 

2000.00 ; 

2000.OON 

2000.OOC 

2000.00 ; 

2000.OOC 

2000.OOR 

10000.004 

2000.OOC 

2 -Ch lo ro 

phenol 
ppb 

400.004 

400.004 
4000,004 
4000 .00 ; 

2000.OOC 

9000.004 

6600.004 

6600,OOC 

400.004 

400.004 

400.004 

400.00-; 

4000.004 

400.OOC 

4 0 0 . 0 0 ; 

AOO.OOC 

AOC OOC 

2570.00 

2500.00 

400.004 

20000.OOR 

400.OOC 

AOO.OON 

AOO.OO^C 

400 .00 ; 

400.OOC 

400.OOR 

2000.OOC 

AOC OOC 

2.4-Di 

chloro 

phenol 

ppb . 

AOO.OOC 

400.OOC 

4000.OOC 
4000.004 

2000.00 ; 

9000.OCC 

6600.OOC 

6600.OOC 

400,004 

400.OOC 

400,OOC 

400,004 

4000.00 ; 

400,004 

400,OOC 

400.OOC 

400.004 

330.OOC 

330 .00 ; 

400.OOC 

20000.0011 

400.OOC 

400.OCN 

400.OOC 

400.OOC 

400.004 

400.00^1 

2000.OOC 

400 .00 ; 

2 .4 -D i 

l e t h y l 
phenol 

ppb 

400.004 

400.00C 
4000.OOC 
4050.OOC 

2000.OOC 

9000.004 

6600.OOC 

6600.OOC 

400,004 

400,OOC 

AOC 0 0 ; 

AOC OOC 

AOOO,OOC 

AOO,OOC 

AOC OOC 

AOO.OOC 

AOC 004 

330.OOC 

330.00< 

AOO.OOC 

20000.OOR 

AOO.OCC 

AOO.CON 

ACO.OOC 

AOC OOC 

400.CO; 

400.OOR 

2000,004 

400,004 

2 ,A-D i 

n i t r o 
phenol 

ppb 

2000,004 

2000 ,00 ; 

20000.004 
20000.004 

lOOOCOOC 

AOOOCOOC 

3A000.00C 

3A000,00C 

2000,OOC 

2000.OOC 

2000.OOC 

2000.COC 

20000.004 . 

2000.004 

2000.004 

2000,004 

2000,OOC 

1700.OOC 

1700,OOC 

2000.004 

90000,OOR 

900,OOC 

2000,OON 

2000 .00 ; 

2000,OOC 

20C0.00C 

2000,OOR 

10C00.004 

2000,OOC 

2 -H6 thv l 

phenol 

ppb 

AOO,OOC 

ACO.OOC 

4000.OOC 
AOCCOOC 

2000 ,00 ; 

9000.004 

6600.OOC 

660CO0C 

AOC OOC 

AOO.OOC 

AOO.OOC 

AOO.OOC 

AOOO.OOC 

400.004 

AOO.OOC 

AOO.OOC 

AOO.OOC 

330.OOC 

33C004 

400 .00 ; 

20000.OCR 

400.004 

400,OON 

400.OOC 

40C00C 

400.OOC 

AOO.OCR 

200COCC 

400,004 

A-Hethy l 

phenol 

ppb 

ACO.OOC 

AOO.OOC 

AOOO.OOC 
AOOCCOC 

2000,004 

9000.OOC 

4600,004 

6600.OOC 

AOO.OOC 

AOO,004 

AOO,OOC 

AOO,004 

AOOCOOC 

AOO,004 

AOO.OOC 

AOO.OOC 

AOO.OOC 

330.OOC 

330.004 

AOC 001 

2C00CO0R 

450.004 

400.OON 

400 .00 ; 

400.004 

4CC004 

400.OOR 

2CCC001 

400 .00 ; 

I . 



SOILS QUALITY DATA - ASARCO RI/FE 

Sta Id 

SS-56 

SS-S7 
SS-SBA 
SS-5BB 

SS-59 

SS-60 

Ani Event 

TDT RDUND-l 

TDT RDUND-1 

TOT RQUNC-1 
TOT ROUHD-1 

TOT ROUND-1 

TOT RDUND-i 

SS-60-hS TOT ROUHD-1 

SS-60HED TOT RCUHD-1 

SS-61 

SS-62 

SS-63A 

SS-63B 

SS-64 

SS-65 

SS-66 
SS-67 

SS-46 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-i 

TOT RDUND-1 

TOT ROUNO-1 

TOT ROUND-1 

TOT ROUND-1 

TOT ROUND-1 

SS-4B-HS TDT ROUND-1 

SS-4BHSD TDT ROUND-1 

SS-69 
SS-70 

SS-HKIO. 
5 5 - K U l l 

SE-HU12 

TOT RDUND-1 
TOT RDUND-1 

TOT ROUND-1 
TDT RDUND-1 

TOT RCUND-1 

SE-HW12U TOT ROUND-l 
SS-HU4 
SS-HU5 

SB-HH7 

ss-Kue 

TOT RQUND-1 
TOT ROUND-1 
TDT RDUND-1 

TDT RDUND-1 

2 - N i t r o 

pheno l 

ppb 

40C00C 

400.OOC 

AOOO.OOC 
AOOCOOC 

2000,004 

900COOC 

6600,OOC 

6600,004 

AOO,004 

AOC OOC 

AOO,OOC 

AOO,OOC 

AOOCOOC 

AOO,OOC 

AOO,00; 

AOC,004 

AOO.OOC 

330,004 

330,004 

AOO,OOC 

20000,OOR 
AOC OOC 

AOO,OON 
400,OOC 

4 0 0 , 0 0 ; 
400.00-1 

400.OOR 
2000.001 

4CC004 

A - N i t r o 

phenol 

ppb 

AOC 004 

ACO.OOC 

20000.00; 
20000,OOC 

lOCOCOOC 

AOOOCOOC 

34000,004 

3400C0O-C 

400,OOC 

400,004 

AOO,OOC 

AOO,00; 

20000,004 

AOC004 
400 .00 ; 

400.OCC 

400 .00 ; 

1900.00 

2030.00 

400.OOC 

90000.OOR 

900.OOC 

2000.OON 
2000.00; 

20GC001 
2000.00-1 

20C0.00R 
ICOOO.OOC 

200COOC 

4 -Ch lo ro -

3 -ae thy l 

phenol 

ppb 

400.OOC 

4CC00-C 

4000.00; 
4000.OOC 

2000.004 

9000.COC 

660CO0C 

6600.004 

400 .00 ; 

400.00 ; 

400.OOC 

400.COC 

4000.00; 

400.OOC 

400.CCC 

400.004 

400 .00 ; 

4530.00 

2690.00 

400.CCC 

2C00C0CR 
400 .00 ; 

400.OON 
400.OOC 

400.00; 
400.00 ; 

400.00S 
2000.00; 

400.CO; 

Penta 

c h l o r o 

phenol 

ppb 

200C00C 

2000,004 

20300,OOC 
2C000,00C 

10000,004 

4C00C00C 

34000,004 

34000,000 

2000,004 

2000,OCC 

2000,00; 

2000.004 

20000.OOC 

200C00C 

2000.OOC 

2C00.00; 

2000.COC 

2200.00 

1630,00 

2000,OOC 

90000,OOR 

900,OOC 

2000,OON 

2000,00: 

2000,001 
2000,00; 
2000,OOR 

10000.oc; 

2000.00; 

Phenol 

ppb 

AOO.OOC 
AOO,OOC 

AOOCOOC 
AOOCOOC 

2000,OOC 

9000,OOC 

6600,004 

6600,OOC 

400,OOC 

400 ,00 ; 

400,004 

AOC OOC 

4000,004 

AOC OCC 

AOC OOC 

ACO,OOC 

400,OOC 

2490,00 

2460,00 

400 ,00 ; 

20C00,00R 

400,00c 
400,OON 

400,OOC 

4CC00 ; 

400 ,00 ; 
400,OOR 

20CCC0C 

400,OOC 

2 . 4 , 5 - T r i 

c h l o r o 

phenol 

ppb 

2000,OOC 

2000,OOC 

20000,00; 
20000,OOC 

lOOOCOOC 

40000,004 

34000,OOC 

34000,004 

2C0C00C 

2000,00; 

2000,OOC 

2000,OOC 

200CC00C 

2000.001 

2000.OOC 

200C00< 

2000.00; 

1700.COC 

1700.COC 

2000.001 

90000.COR 

2000.OOC 

2000.CON 
2000.OOC 

2000.OOC 
2000.00) 

2000.OOR 
10000.CCC 

20CC.0CC 

2 , 4 , t . - T r i 

c h l o r o 

phenol 

ppb 

400.OOC 

40C00C 

4000.COC 
4000 .00 ; 

200C00C 

9000.OOC 

6600.OOC 

4400.004 

400.00-C 

400.OOC 

400.OOC 

400.001 

4000.00; 

400.OOC 

400.CO; 

400.OOC 

400 .00 ; 

330 .00 ; 

330.OCC 

400.OOC 

200CO.OCR 

400.OOC 
400.OON 

400 .00 ; 

400 .00 ; 

400.OOC 
400.COR 

2000.OOC 

400.001 



SDILS CUALiTY DATA - ASARCO RI/FS 

Benzc(b) fenzo Benzo Ik i i ) : 5 ! 2 - ch l 
Ace Acer.aph Benzudi i Een:o(£) l l u u r ( Q | h , i ) f l u ^ r Benzyl .:iroelr.oxv 

naphthene thy lene A n i l i n e Anthracne Benzid ine anthracne pyrene anthene pery lene antheiie Alcohol );>ethane 
Sta id Ani Event ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb 

33-56 TOT ROUND-1 400.OOC AOCOCC 400.001 40CC0C AOOCOOC ACO.OOC AOO.OOC AOO.OOC AOO.OOC AOO.OOC 4CCC01 430.001 
SS-57 TDT RDU^D-1 AOO.OOC 4CC0C-; 400.0CC 44C.00 40C0.00C 760.00 76C0GJ 4CO.O0N 4OCO0N 40C0CN 40C0CC 400.CtC 
SS-5EA TOT RDUND-1 AOOO.OOC ACOCOOC AOOCOOC AOOCOOC AOCOO.OO^ AOOCCOC 40-30,004 400C00C AO'JO.OOC AOOCOOC 4CCG.CC1 40CC00C 
SE-5BB TOT RDU.ID-l AOOCCOC AOOCCOC 400C0CC 4000,004 AOOOCOOC 4 0 0 C 0 0 ; 40CCC0C 400C0CC 4O0C0CC 4000,004 4000 .00 ; 4000.CCC 
33-59 TOT RDUND-1 200COCC 2000.C0C 2000.OCC 2O0CO0C 20000.C0C 21000 .00 ; 200C0CC 2000.004 2000 .00 ; 200COOC 2000.COC 200CCOC 
SS-40 TCT RDUND-1 9000.004 , 9000.001 900C0OC 900C00C 70000.004 90CCCCC 9000.COC 9000 .00 ; 9000.OOC 9000.00C 90GCCCC 900CC0C 
SS-60-HS TOT ROUND-1 6600.00C 6400.004 640COOC 6600.OOC S2000.00C 6 6 0 0 . 0 0 ; 6600.001 64C0.C0; 660C00C 660C00C 6 6 0 C 0 C ; 6 6 0 0 . 0 0 ; 
ES-40HSD TDT RDUND-1 6600.OOC 6600.OOC 4600.OOC 4400.001 54000.OOC 66CCC-5; 6600.001 66CC00C 660C00C 6600 ,00 ; 4400.001 4400 ,00 ; 
S3-61 TDT ROUND-1 AOO,COC AOCOO; 40C00C AOC,00; 3C0O,0OC 4CC00N 400.OON 4CC00N 4-OO.GON 400.0CII 4 0 0 . 0 0 ; 40C0C< 
£3-62 TOT ROUND-l AOCOOC AOCOCC 450. JOC 40CCC; 3000.OCC 400.OCN 4C0.0CN 40C00N 40C00N 40COCN AOO.OOC 40C00C 
SB-63A TOT RGUND-1 AOO.OOC ACO.COC AGO,001 AOCOOC 300C00C AOCOOC AOCCCN A70,00J 40C0CN 400.00N 40C0CC 40C00C 
SS-63B TOT ROUND-1 AOO.OOC AOCOCC AOCOCC 400.004 300C00C 4 0 0 . 0 0 ; 40CC0C 460.00 4CCC04 40C0CC 40COC; 40C00C 
S3-64 TOT ROUND-1 AOOO.OOC AOOO.OOC AOOO.OOC AOOCCOC 3000COOC AOOCCOC AOOO.OOC AOOCOOC 4O0CC04 40CCC0C 4000.001 4C0C,C0C 
SS-4S TDT ROUND-1 400,004 400 .00 ; 4OC00C 4 0 0 , 5 0 ; 3000 ,00 ; 40CCC; 4 0 0 . 0 0 ; 40C0OC 400.;50C 400.001 AOCOCC 4CC00C 
SE-66 TDT ROUND-l AOCOOC AOCOOC 400,004 4CC00C 3000.OOC 4 0 0 . 0 0 ; 4CC00C 4 0 0 . 0 0 ; AOCOOC 400.00C 40CO0C 405.OCC 
SE-67 TOT RDUND-1 400.00C 40CC0C 40C,05C 400.C0C 3000.00C 400 .00 ; 40Ce0N 40CO0N AOCOC'N AOCOO"! AOCOOC ACO.COC 
SS-4B TOT RDUND-1 AOO.OOC 4OCO0C 400.-30C 400.004 3000 .00 ; 1040,00 ' 117C00 1550,00 7BC0O ACO.COC 400.004 400,004 
BS-4B-HS TOT RCJND-1 1530.00 330,00; 330,00; A3C0O 2700,0CC lAOO.OO 1300,00 1770,CO 770,00 33C00C 330,COC 330,004 
SS-4BHSD TOT RDUND-1 16CO,00 33C00C 330.001 330,00 2700,.50C 1660.00 1730.00 2E3CC0 1130.00 33C00< 33CC0C 33;).004 
SE-69 IDT ROUND-1 AC0.004 AOCOCC 400.00; 400.00C 3000.OOC 4CCCCil 400.00N 4CC00N AOCCCN A0C.30N AOCOOC AOO.OOC 
SS-70 TOT REUND-1 2000C0On 20000.00S 2000C.OOR 2000COOR lOOOOO.OOR 200DC00R 2C0CC00R 2OC0C00R 2C00CO0R 2000CCCR 200CCOOR 200CCOOR 
EE-HHIO TDT ROUtiD-1 400.OCC AOCOOC 430.00; 400.00; 900.004 400.001 100.00; 400.001 4CC00C AOCOOC 400.001 400.C0-; 
S5-KH11 TDT RQUND-1 400.OON 40C00N 400.OON 400.OON 300CC0H 400,0CN 4CC5C.N 45C00N 400.OOH 4CCCCN 4CC0C;-1 430.00N 
SE-HN12 TDT ROUND-1 400.C0C 400.CC; 400.50; 4CC0O-C 3000.00; 4 0 0 . 0 0 400.004 4 tCCC; 40C0CC 4CC00C 400.OCC 400.OOC 
SS-MW12U TDT ROUND-i 400.OOC 400.00; 400.001 4CC00C 30C0.C0C 4CC0C1 4CC00C 400.001 400.00; 40CCOC AOO.OOC 4C5.C0C 
S3-HWA TGT RDLND-1 400.CCC 45CCCC 400.001 400.OOC 30CC.0C1 400.50- 4 C C 0 0 ; 4CO.00C 4CC00C 400.COC ACO.COC 400 .05 ; 
SE-,^W5 TOT ROUJiD-l 40C00R 4CC003 400.OCR 40C00R 300COOR 4OCO0R 4'3CliOR AC5.0CR ACCOCR ACCOGF, AOCOCfi 4CC00R 
SS-HW7 TOT F.OUND-1 20CO.C0C 20OC0C1 2000 ,00 ; 2OOC.00C 20CCCC0C 5400.' iO 3600.CC 64CCC0 3200.00 2000.001 20CC0C; 2CC0.OCC 
ES-HfJB TDT f:DUND-l AOCOCC 40C03C A00.O:)C AOCOOC 30CCCCC 212C0C 2340.00 46BC00 2000.OC 40C05C 4 3 C 0 C ; AOO.OOC 



SOILS DUftLlTV DATA - ASARCO RI/FS 

St£ Id 

SS-56 

SS-57 

S3-56A 

S3-5BB 

BS-59 

SE-60 

SS-4C-HE 

Ani Event 

TOT RDUND-1 

TOT ROUND-1 

TDT RDUND-1 

TDT RDUND-1 

TOT RCUND-1 

TGT RDUND-1 

TDT RGUND-1 

SE-40KSD TOi ROUND-1 

SE-41 

SS-42 

SS-t3A 

SE-43E 

SS-44 

EE-45 

SS-4i 

3S-47 

SE-4B 

SS-48-KS 

ES-4BKED 

3E-t9 

E5-70 

53-Ki;iO 

S3-Hii i ; 

3E-K^;2 

£E-Klij2U 
..... I , . . / 

3£-mJ5 

S£-r.;;7 

SE-Ht;3 

TCT RDUND-1 

TDT ROUND-1 

TDT ROUND-l 

TOT ROUND-1 

TO: ROUND-1 

TOT ROU.gD-1 

TOT ROUND-1 

TDT ROUHD-l 

TOT RDUND-1 

TOT ROUND-1 

TOT ftOL?;D-l 

TOT RCLIND-i 

TDT RGUND-1 

TOT ROUND-i 

TOT RDLND-l 

TOT R0W<0-1 

TOT RJUM; ; - I 

TCT ftJLi.D-l 

TOi R D L ; N M 

TGT FGL'fiO-i 

I3T ROJNC-i 

b i s (2 -ch l 

oroethy l ) 

ether 

ppb 

405.00; 

400.00; 

4000.OOC 

4000.OCC 

2000.OOC 

900C00C 

6600.COC 

460CC0C 

400.0i)< 

400.COC 

40C00C 

400.001 

4000,00; 

400.OOC 

4CCCCC 

400.OCC 

400.OCC 

330.00; 

330.001 

40CO0C 

20000.COR 

400.OCl 

4CCC0N 

400.co; 
400,00; 

400.oo; 
40).OCR 

2000.00; 

400.00) 

b i5 (2 -ch ! 

oroisapro 

pyDet^.er 

ppb 

AOO.COl 

AOC CO; 

4000,00-; 

4300,00; 

2000,OCC 

9000,OCC 

6400.ODC 

6600.OOC 

400.001 

403.00; 

400.00; 

40COOC 

4000.001 

400.OOC 

400.001 

400.OCC 

4CC.00; 

330.004 

330.004 

403.001 

20000.003 

400.00) 

400.OON 

400.00; 

4.30.001 

4.)0.0G; 

îCO.OOR 

2100. OX 

400, )0; 

b i s l 2 - e t h 

y lhexy l ) 

phthalate 

ppb 

400.00; 

400.00; 

4000.OCC 

4000.OOC 

2000.001 

9000.001 

46CC00C 

4400.OOC 

400.OON 

400,CON 

400,001 

4CCC01 

4003.001 

40).CC; 

400.OOC 

400.0)C 

400.00) 

330.00 

330.001 

40C0C:i 

200CC00R 

400,00) 

4C;).0);J 

iOO.OOl 

40;.. 001 

400.00; 

400.0).) 

21.;-). 1.0; 

4\.:v.'.''.'. 

A-Brcaoph 

enyl -phen 

y l ether 

ppb 

400.COC 

400.00; 

4000.COC 

4000.OOC 

2000.OOC 

9000.OOC 

6400.OOC 

£600.OCC 

4CC00C 

4C0.00C 

400.OOC 

4CC00C 

4000.004 

400.OOC 

400.00; 

400.001 

400.OCC 

330.00 ; 

330.COC 

400,001 

2C00O.OOR 

400.COC 

400.OON 

400.00; 

400. . :0; 

4CO.0O; 

'OO.OOfi 

"000.001 

4 0 ) . 0 ) ; 

Buty l 

benzyl 

ph tha la te 

ppb 

400.OCC 

400.00; 

AOCO.OCl 

AOOCCO; 

2000.COC 

9000.00; 

4600.OCC 

4400.CCC 

405.CON 

4CC00N 

400.00; 

400.00; 

4000.OOC 

AOO.OCl 

AC5.C0; 

AOCOCC 

400.COC 

330.00; 

330.00; 

4CCC0N 

20000.OOK 

400.00-> 

400.CON 

40.;.. 00; 

40) ,00) 

400.00; 

400,OOR 

1010.00; 

4 )0 , . )0 ; 

4 - C h l c i o 

anilin:; 
ppb 

400.OOC 

400.00; 

4000.001 

4000.00; 

2000.OOC 

9000.OCl 

4400.OOC 

4400.00/ 

400.OOC 

400.001 

400.00; 

400.00) 

4000.00; 

400.01;; 

400,00'; 

400.00; 

400. )o ; 

33).OCl 

330 ,0 ) ; 

4 0 0 . ) ) . 

iOOi'O.OuR 

40.).0). 

';oo....G:, 
;;0i;..)^ 
40).;;0-' 
'iOl .))• 
4..).));; 

H.^.).)!.' 
A\l\ . 0 ; : 

2-LhicrD 

r.apiithlne 

ppo 

400.OCl 

400.00-1 

40CCOOC 

4003.OOC 

2C0COCC 

9C0CC0C 

6400.OOC 

4400.COl 

400.OOC 

400.00; 

400.001 

403. OOC 

4003.00; 

400.001 

400.-)0; 

400.oo; 
400. OOC 

330.00; 

330 .00 ; 

4)0.COC 

20300.OOR 

400.1.01 

40).OON 

400. ll.)) 

40).);;; 

4)0. )0-. 

O.).0)R 

DOO.OO 

40.;..);-: 

4-Cnli:rop 

heiv/1 phe 

nyl ether 

ppb 

400.OOC 

4C3.CCC 

40CC0C; 

40C0.001 

2000,OCC 

90C0,0CC 

6400,00; 

4400,00; 

400.001 

400.CO; 

400.05; 

400 .00 ; 

4 OCC 00-1 

400.OCl 

400.OCC 

400.001 

4C0.00; 

330.30-1 

330.001 

400.001 

20010.00?! 

4C0.3O; 

403.3)?; 

400.OC; 

4i.0.)0< 

4)0.oo; 
40).01fi 

20.) .0) ; 

400.03-1 

Chrysene 

ppb 

AOCOOC 

114C00 

AOOO.OOC 

400CCOC 

200C00 ; 

9000.OOC 

440CC0C 

4400.OOC 

400.OON 

400.CON 

400.OCC 

400.00; 

4000.OCC 

400.COC 

400.00; 

AOO.OOC 

117CCC 

143C0C 

2100.CO 

430.COJ 

20053.OCR 

AOCOOC 

4 CO.OON 

403.00; 

400.00; 

41'C00C 

400.OCR 

5300.00 

3^70,00 

Dibenzo 

la ,h ) 

anthracne 

ppb 

ACO.OOC 

400.OCN 

400CCC1 

4050.05C 

2000.001 

9000.004 

4400.OOC 

4400.001 

4CCCCN 

400.CON 

400. OCv; 

400.001 

4000.OOC 

400.OOC 

400.OOC 

40;.i.00N 

400.00; 

330.OC; 

330.00; 

40C)0N 

2CCO0.)0h 

400 .0 ) ; 

40C).)r; 

400.00; 

400.0)1 

4C0.-;:01 

4-)0,))/; 
2;'00.00; 
590.0) 

Dibinzc 
kran 

ppt 

400.00; 
40).0i;C 

4000.001 
4000.00; 
20C0.0CC 

9000.CO; 

4400.OOC 

4400.00; 

400,00; 

4C0.O0; 

400,OOC 

400, OOC 

4000.00; 

4C) .00 ; 

400,00; 

400.OC; 

4 0 0 . ) 0 ; 

330. C;;-; 

330.00; 

4)0.)); 
20000.COS 

400.0:.; 
4CO.00N 

41-).0.1< 

.)00,001 

405.01 -. 

"i'j.','....-r! 

201:0.00; 

413. OOC 

1,2-
D i c l o r o 

benzene 

ppb 

400.00; 

400.OOC 

4000.00-1 

4C0CC0C 

2C0C OOC 

9000.00; 

44C0.00C 

4400.OCC 

400.OC; 

400.00; 

40coc ; 
400.00; 

4000.00; 

4 ) 0 . o c ; 

4 ) 3 . o c ; 

ACO.OOC 

'•00. CC; 

330.00; 

330.001 

40) . OOC 

20)0).OOR 

100.03-1 

400.OON 

400.00; 

400.00; 

;O0.0C; 

;0-.007; 

20l)0.)Cl 

40.;̂ . 00;-



SURFICIAL SOILS - ASARCO (BASE NEUTRALS) 

Sta Id 

ES-56 

SE.-S7 

SS-SBA 

SS-SBB 

SS-59 

SS-40 

Ani Event 

TOT ROUND-1 

TDT ROUND-1 

TDT RCUND-1 

TDT RCUND-1 

TDT ROLND-i 

TOT ROUNO-1 

SS-40-HS TOT RDUND-1 

S3-60HSD TDT ROUND-1 

SS-61 

SS-62 
3S-43A 

SS-43B 

SE-64 

SS-6S 

SS-64 

SS-67 

SS-6B 

TDT RDUND-1 

TDT RDUND-1 

TOT RDUND-1 

TOT RDUND-1 

TOT RDJND-i 

TOT RDUND-1 

TOT ROUND-1 

TOT RDUND-1 

TOT ROUND-1 

SS-68-HS TOT ROUHD-1 

3S-tfiHSD 

SS-69 

SE-70 

SS-hiJlO 

ES-l'iHH 

SS-)';wl2 

TOT SOUND-1 

TOT ROUND-1 

TOT RDUND-1 • 

TOT RDUND-1 

TDT ROUND-1 

TDT ROU^JD-l 

3S-H»il2U TOT RQUNT-1 

E;S-HW4 

SS-hUS 

SS-HW7 

SS-HJJS 

TOT F;OU!iD-l 

TDT ROUND-1 

TDT RDUND-l 

TGT RJUND-1 

1,3-

D i c h l o r o 

benzene 

ppb 

AOO.OOC 

AOO.OOC 

40C0.00C 

AOOCOOC 

2000.OOC 

9000.OOC 

6600,0-5C 

6600,OOC 

AOCOOC 

.AOCOOC 

AOCOOC 

AOO.OOC 

AOC0.004 

AOCOOC 

AOO,OCC 

AOCOOC 

AOO.OOC 

330.OOC 

330.OOC 

AOO.OOC 

20000.OOR 

AOO.OOC 

AOCCCN 

AOO.OOC 

AOCOOC 

ACO.OOC 

400.COR 

2000.00; 

400 .00 ; 

1,4-

O i c h l o r o 

benzB.ie 

ppi) 

400.OOC 

ACO.OOC 

AOOCOOC 

AOOO.OOC 
2000.COC 

9000 .00 ; 

6600.OOC 

6600.001 

AOO.OOC 

4C0.00-; 

400.COC 

AOO.OOC 

ACOCOOC 

400.OCC 

AOO.OOC 

AOC 004 

AOCOOC 

1300.50 

1330.00 

AOO.OOC 

200C0.eCR 

AOCOO; 

AOCCCN 

AOCOCC 

AOCOOC 

43C0CC 

400,00,9 

20CC0C1 
400,OCC 

J . 3 ' -
Dichlo. -o 

b e n z i d i n e 

ppb 

9i)C'3C; 

900.COC 

9000.OOC 

9003.COC 

5000 .cc ; 

20CCC0CC 

13000.OOC 

13CCCC0C 

7CCO0N 

BOO.OCC 

SOO.OO; 

800.OOC 

7000,COC 

700,COC 

800,CCC 

8CC00C 

700,004 

670,OC; 

670,OOC 

700,OCN 

4C00C0CS 

9G0.00C 

EOC CON 

.SCO, CO; 

300.00-1 

BOO,00; 

700.)0R 

4000.oc ; 

7CCCCC 

D i e t h y l 

p h t h a l a t e 

ppb 

400.OOC 

400 .00 ; 

4030.0'0-C 

4000.OOC 

2000.CCC 

900C.OOC 

6400.004 

6400.CCC 

4CCC0C 

40C004 

ACO.OOC 

AOO.OOC 

40C0.C0C 

400,CCC 

400,CCC 

400.OOC 
400.OOC 

330.COC 

33CC0C 

40COC1 

2OCCC0OR 

400.001 

4C0.0CN 

400.001 

AOCOCC 

4CO.004 

400. OO.T 

2000.001 

400.004 

D i i e t h y l 

ph tha la te 

ppb 

AOCOOC 

AOCOOC 

AOOO.OOC 

AOOCOOC 
2000 ,00 ; 

9000,OOC 

6600,004 

66CC00C 

400,001 

400,004 

AOCOOC 

400.OOC 

4000.OOC 

400.OOC 

400 .00 ; 
400.OOC 

400.004 

330.OCC 

330.COC 

400.OCC 

2OC0CO0R 

40CC-3C 

400.OCN 

400.CC< 

400.OOC 

4C0.00C 

405.OCR 

2000.CCC 

400.OC; 

D;-n-

tu ty l 

phthalate 

ppb 

400.COC 

405. COC 

4000.001 

ACOCOOC 

2000.OCl 

9CCCO0C 

6600.001 

6400.OCC 

400.001 

400.OCC 

400.OCC 

4CC00C 

ACOCOOC 

AOO.CO-1 

ADO.OCC 

AOCOOC 

400.CCC 

330.OCC 

3 3 0 . 0 0 ; 

400.001 

20000.OCR 

450.OCC 

400.OON 

ACO.OOC 

400 .00 ; 

400.OOC 
ACCOCfv 

2000.COl 

400 .50 ; 

2 , 4 -

D i n i i i r o 

t o l uene 

ppb 

40C.00C 

A0C05C 

ACOCOOC 

AOOCOOC 

2000 .00 ; 

9000.OOC 
6600.OCC 

6600 .oc ; 

400.004 

Aococ; 
AOCOOC 

AOO.OOC 

ICCCOOC 

AOO.OOC 

400.004 

400.OOC 

40CO0C 

iiOO.OO 

1130.00 

400 .00 ; 

200CCOOR 

400.001 

4cccc;'i 
AOCOC; 

4CCC0C 

4CO.O0C 

HOC OCR 

2000.501 

4CC001 

2 , 6 -

D i n i l r o 

t o l u e n e 

ppb 

4 0 0 . 0 0 ; 

400.OOC 

4CC0.00C 

ACOCOOC 

2030.OOC 

9000.OOC 

6600.OCC 

6600.OOC 

4CCO0C 

400.OOC 

400.OOC 

4 0 0 . 0 0 ; 

4000.C0< 

4CC00C 

400 .00 ; 

AOCOOC 

AOO.OOC 

330.004 

330 .00 ' 

AOO.OOC 

200C3.CCS 

AOCOOC 

4CC00N 

400 .00 ; 

400.OOC 

400.OCl 

4CC00R 

2000 .00 ; 

400,001 

D i - n -

Dc t y l 

P h t h a l a t e 

ppb 

AOCOCC 

4CC0CN 

40-30, COC 

4000,OOC 

2000.OOC 

9000,004 

6600,COC 

6400,OOC 

400.OON 

40C00N 

400,OON 

AOCOOC 

ACOO,OOC 

AOO,OCC 

AOO,OOC 

AOO,C0H 

AOCOOC 

330.OOC 

330.OOC 

AOC OON 

2OCCC0OR 

ACO.OOC 

400. OON. 

4CC0O4 

400.OOC 

AOCOOC 

400.COS 

2005.004 

400 .00 ; 

F luor 

anthene 

ppb 

40C0CC 

1290.00 

4000.001 

4000.OOC 
2000.001 

9000.OOC 

6609.004 

6600.COC 

AOO.OOC 

AOO.OOC 

AOCOO; 

AAO.OO 

AOOO.OOC 

ACO.COC 

AOO.OOC 

ACO.COC 
17AC00 

2070.00 

3030.00 

AOO.OOC 

20000.COR 

ACO.OOC 

400.OCN 

400.CC; 

400 .00 ; 

400.001 

ACCOCR 

1I2CC00C 

1B90.0C 

F luorene 

ppb 

400 .00 ; 

400.004 

40DC00C 
4000. OOC 

20CCO0C 

9000.001 

6650.OOC 

440C.0C; 

4 0 0 . 0 3 ; 

AOCOOC 

AOO.OOC 

AOO.OOC 

4000.OCC 

400.OOC 

400,004 

400.OOC 

40C.0C; 

370.00 

330.cc; 
400.oci 

20000.OCR 

400.oc; 
AOCCCN 

AOC CCC 

4C0.0C-; 

ACCCCC 

ACCOCR 

2CC0.0C; 

4C5.CC; 

He.", a 

c h i o r o 

banzene 

ppb 

400.OOC 

400.OOC 

40CCCCC 

4000.OOC 

20CC00C 

9500 .00 ; 

4600.COC 

6400.COC 

AOCOO; 

A00.004 

AOCOOC 

400.004 

AOOCOOC 

ACO.OOC 

AOCOOC 

ACCCCC 

AOCOOC 

330.001 

330 .00 ; 

400,OCl 

2c-::iec,oofi 
400 ,00 ; 

400,OON 

4 0 0 , 0 0 ; 

400,004 

400.OOC 

AOO.OOR 

2c)coo; 
ACO.OOC 

http://4C5.CC


Paraaetrix Inc. 
SURFICIAL SOILS 

- Environiental Data Svstei 
ASARCO (BASE NEUTRALS) 

Sta Id Ani Event 

Hexa Nexachlor 
chloro ocyclopen 

butadiene tadiene 

ppb ppb 

HeKa Indeno 

chloro (1,2,3-cd 

ethane Pyrene 

ppb ppb 

iso 2-Hethyl 

phorone naphthlne 

ppb ppb 
Naphthlne 

ppb 

2-Ni t rD 

a n i l i n e 

ppb 

3 -N i t ro 

aniline 
ppb 

4-N i t ro 

a n i l i n e 

ppb 

N-Hitroso 

N i t r o d ise thy i 

benzene aaine 
ppb ppb 

SS-56 
SS-57 
SS-SBA 
SS-SBB 
SS-59 
SS-60 
SS-60-HS 
SS-60HSD 
SS-6i 
BS-42 
SS-63A 
SS-63B 
SS-44 
SS-45 . 
SS-44 
SS-67 
SS-48 
SS-6e-HS 
SS-4BHSD 
SS-69 
SS-70 
SS-HHlO 
SE-HHll 
BS-fiai2 
SS-HU12U 
SS-KH4 
SS-HH5 
SS-HW7 
SS-HWB 

TOT ROUND-1 
TOT RDUND-i 
TDT RDUND-1 
TOT ROUND-i 
TOT ROUHD-1 
TOT ROUND-i 
TOT RDUND-1 
TDT RDUND-1 
TOT RDUHD-1 
TDT ROUND-1 
TOT RDUND-1 
TDT RCUND-1 
TDT ROUND-1 
TDT RDUND-1 
TDT ROUND-1 
TDT RDUND-1 
TDT RDUKD-1 
TOT RDUHD-1 
TOT RDUND-1 
TOT RDUKD-1 
TOT RQUND-1 
TDT ROUND-1 
TDT ROUND-1 
TOT RDUND-1 
TCT RDUKD-1 
TDT RDUND-l 
TDT ROUND-l 
TDT RDUND-1 
TOT RCUND-1 

400.004 

400.004 

AOOO.OOC 

AOOCOOC 

200CC0C 

9000,004 

6600,004 

660C00C 

AOO.OOC 

AOCOOC 

AOO.OOC 

AOCOOC 

AOOO.OOC 

AOCOOC 

AOCOO; 

AOCOOC 

AOO.OOC 

330 .00 ; 

330.0C-; 
AOO.OOC 

2000C00R 

AOO.OOC 

AOO.OON 

AOCOOC 

400.00 ; 

400.004 

4DCCCR 

2000.OCC 

400.00; 

400.004 

400.004 

AOOCOOC 

400C004 

2000.004 

900CC0C 

6600.004 

6600.004 

400.004 

400.004 

400,004 

400,004 

AOOO.OOC 

400.004 

400.OOC 

4CC00C 

400.OOC 

330.COC 

330.OCC 

400.004 

20000.COR 
400.004 
400.OCN 
400.OOC 

400.COC 

4C0.00-; 
400.OOR 

2000.OOC 
400.00; 

400.OOC 

AOO.OOC 

AOOO.OOC 

AOOO.OOC 

2000.004 

9000.OOC 

6600.004 

6600.OOC 

AOCOO; 

AOO.OOC 

AOCOOC 

AOCOO; 

AOOCOO; 

AOO.OOC 

AOCOO; 

400.00< 

400,COC 

330,OOC 

330,001 

400,001 

2&OOCO0R 

400,001 

400,OON 
400,00; 
400,001 
400,00; 
400,OOR 

2000,00; 

4CC.50; 

400.001 

400.OON 

AOOO.OOC 

AOOO.OOC 

2000,OOC 

9000.004 

6600.00; 

6600.00; 

400.OON 

400.OON 

400.OON 

AOCOO; 

AOOO.OOC 

AOCOOC 

AGO.00; 

ACCOON 

540.00 

400.00 

900.00 

AOCCCN 

20000.00ft 

AOCOO; 

A-JCOON 

400.00; 
AOCOOC 
400.00 ; 
400.OOR 

3000.00 
1470.00 

AOO.OOC 

400.004 

AOOCOOC 

A00C004 

2000.OOC 

9000.OOC 

6600.00; 

6400.OOC 

AOO.OOC 

AOCOOC 

AOCOO; 

AOO,00; 

AOOCOOC 

AOO,00; 

AOCOOC 

AOCOOC 

AOCOOC 

330,00 ; 

330,OOC 

ACO.COC 

20000.OOR 

AOCOOC 

AOC OOH 

AOO.OOC 

AOO.OOC 

AOCOO; 

400.OOR 

2000.00; 

AOCOOC 

AOCOOC 

400.004 

AOOO.OOC 

AC00.004 

2000.OOC 

9000.OCC 

6400.00C 

6600.OOC 

AOO.001 

AOCOO; 

AOO.OOC 

400.OOC 

4000.00; 

400.OOC 

4CC0CC 

400.00 ; 

400.00< 

330.OC; 
330.COC 

400.OOC 

20000.OCR 

400.CCC 

400.OCN 

40CO0; 

400 .00 ; 

4CC001 

4C0.OCR 

2000.00; 

400.001 

400.004 

AOCOOC 

AOOO.OOl 
AOOCOOC 
2000.OOC 

9000.00 ; 

6600.004 

6600.OOC 

AOCOCC 

AOCOOC 

AOCOOC 

AGO,OCC 

AOO0,O0C 

AOCOOC 

AOCOOC 

400,OCC 

4CCG0< 

330,OOC 

330,00 ; 

400,OCC 

2'OOOCOOR 

4CC(iOC 

400,CON 

4CC00C 

400,004 

400,0C-; 

40C0C->R 

2000.00; 

4CC00 ; 

2000.OOC 

2000.00; 

20000.004 

20000.OOC 

lOOOO.OOC 

4C0OC.OOC 

34000.004 

34000.OOC 

2C0C00C 

20DCOCC 

2000.OOC 

2000.CO; 
20000.OCC 

2000.OOC 

2000.OCC 

2CCCC0C 

2000.00; 

1700.00; 

1700.OOC 

2000.004 

90000.OOR 

2000.001 

2CCC00H 

2000.00 

2C0CCO 
2000.00 
200COOR 

1COCO.to; 
20 )0 .00 ; 

2000.00; 

2000.OOC 

20000.OOC 

2C000.OOC 

10000.004 

40000.OOC 

34O0CO04 

34000.004 

2000.OOC 

2000,004 

2000.004 

2000.COC 

20000.004 

2000.OOC 

2000.OOC 

2000.004 

2000.00; 

1700.004 

1700.00; 

2000.OOC 

90000.OOR 

2000.OOC 

2000.OOH 

2000.COC 

2000.00; 

2000.0C-; 

2000.OOR 

lOCOCOO; 

2000.00; 

2000.00-; 

2000.004 

20000,OOC 

2000C00C 

10000.00; 

40000.OOC 

34000.004 

34000.OOC 

2000.004 

2000.004 

2000.OOC 

200COO; 

20000,OOC 

2000,OCC 

2000,00; 

2000.001 

2000,OOC 

1700,COC 

1700,OOC 

2000,COC 

90000,COR 

200C0CC 

2000,OON 

2000,COC 

2000.OCC 

2000. CO-; 
200COCR 

lOOOCOOC 
20CC0C; 

400.CO; 
4C0.00C 

4000.00; 
4000.00; 
2000.00; 

9000.004 
66GC00; 

6600.OCC 

4CC00; 

AOCOCC 

AOCOOC 

AOCOOC 

AOOCOOC 

AOCOOC 

AOCOCC 

AOCOOC 

400.00; 

330.OOC 

330.OOC 

400.OOC 

20000.OOR 

400.OOC 

400.OCN 

400.00-1 

400.00-1 

400.0(1 

40C00R 

2000.OCC 

400.OCC 

400.004 

400.OOC 

4000.OOC 

4000.00 ; 

2000.OOC 

9000.00; 

4400.OOC 

6400.OOC 

4CCC0C 

AOCOOC 

400.00 ; 

400.OCC 

4CCCCCC 

400.OOC 

400.CCC 

400.00; 

4CC00C 

330.00 ; 

33C.C0-1 
400.00-1 

20000.COR 

40C0C; 

400,C'OH 

400,00 ; 

400.OOC 

400.004 

400.OCR 

2000.00; 

400 .00 ; 



SURFiCIAL SOILS - ASARCO (BASE WEUTRALS) 

Sta Id 

SS-5aA 

SS-5BB 

3S-59 

SS-40 

SS-40-HS 

Ani Event 

TDT RDUHD-1 

TOT RDUHD-1 
TOT RDUND-i 

TOT ROUND-1 

TOT RDLND-l 
SS-40HSD TDT RDUND-1 

SS-41 

SS-62 

5B-63A 

SS-63B 

SS-6A 

SS-45 

SS-44 

SS-67 

SS-66 

TOT ROUHD-1 

TOT RDUND-1 

TDT RDUHD-1 

TDT ROUND-i 

TOT ROUND-l 

TOT RDUND-1 

TOT ROUND-1 

TDT RDUND-1 

TOT RDUND-i 

SB-68-HS TDT RDUND-1 

SS-68HSD TDT RDLND-l 

3S-69 

SS-70 

SS-HUIO 

SS-HHl l 

SS-MH12 

TDT ROUND-1 

TDT ROUND-1 

TDT RDUND-1 

TOT ROUND-1 

TDT RDUHD-1 

SS-HH12U TDT RDUND-1 

SS-HW4 

SS-H ,̂<S 

SS-HH7 

SS-HMB 

TOT RDUND-1 

TDT RDUND-1 

TDT RQUND-1 

TDT RCUKD-l 

N - N i t r o s o 
d i p r o p y l 

aa ine 

ppb 

AOOO.OOC 

AOOO.OOC 
2000 .00 ; 

9000.OOC 

6600.CCC 
6600,004 

400,004 

400,004 

400,004 

400,004 

AO0O,O0C 

AOO,OOC 

AOCOOC 

AOO.OOC 

AOCOOC 

lAOCOO 

133C00 

AOO,OOC 

20000,OOR 

AOCOOC 

AOCCCN 

AOCOOC 

AOO,OOC 

AOCOO; 

ACCOCR 

2000,OOC 

AOO.OOC 

N-N i t roso 
d ipheny l 

aiinell) 
ppb 

AOOO.OOC 

AOOO.OOC 

20OC00C 

9000.OCC 

4 6 0 0 . 0 0 ; 

6600.OOC 

A00.0C4 

ACO.OOC 

AOCOOC 

AOO.OOC 

AOOCOOC 

ACO.COC 

AOO.OOC 

AOO.OOC 

AOCOOC 

330,OOC 

330,004 

ACO.OOC 

20000,OOR 

AOCOOC 

400,OON 

AOCOOC 

4 0 0 , 0 0 ; 

AOCOOC 

AOC OOR 

2000,000 

4 0 0 , 3 0 ; 

PhGH 

an th rene 

ppb 

ACOCOOC 

AOOCOO; 
20CC00C 

9000.001 
6600.COC 

6 4 0 0 . 0 0 ; 

400 .00 ; 

AOCOOC 

AGO.001 

AOO.OOC 

AOOCCOC 

AOO.OOC 

AOCOOC 

ACO.COC 

2150.00 

3370.00 

3990.OC 

AOCOOC 

2000COCR 

AOO.OOC 

AOCCCN 

AOO.OOC 

AOCOCC 

AOCOCC 

AOC 003 

293CC0 

6fcC0C 

Pyrene 

ppb 

ACOCOOC 
AOOCOOC 

2800.00 

9000.CCC 
6600 .00 ; 

BOOCOO 

AGO.OON 

400.OON 

520.00 

56C00 

AOOCOOC 

400.00 ; 

AOCOOC 

AOCOO; 

3350.00 

6330.00 

6450.00 

640.OCJ 

20000.COR 

400.OOC 

400.OCN 

4D0.CCC 

4CC'30; 

4CCCC-; 

470.COR 

9400,00 

290CC0 

1 , 2 , 4 - T n 

c h l o r o 

benzene 
ppb 

ACOCOOC 
A COO,CO; 

2000,COC 

90CC0CC 

4400,OCC 

640C00C 

AOO,00; 

AOO,OOC 

AOO,CO< 

AGO,COC 

AOOCOOC 

AOCOOC 

AOCOOC 

AOCOOC 

AOO. 00-1 

1330.CO 

1330.00 

AOO.00; 

20000,COR 

AOCOOC 

AOCCCN 

AOO,OOC 

AOCOOC 

AOCOCC 

AOC OOR 

20CC0OC 

400.004 

PCBs 
ppb 

lOCCOCN 
1000.CON 

1000.OCN 

1COC.OON 

9300.00 

9400.00 
1 OOC OCN 

lOCCOON 

1000.CON 

lOOCOON 

lOCCOC!) 

1 OCC 00?^ 

lOOCOON 

lOOCOON 

1000,OON 

9400.00 

9500.00 

ICOCCCN 

1000.COR 

lODO.OO;! 

lOOCOC'i 

lOOCOCfJ 
lOOCOON 

u s e OCJ 
lOOCCOR 

1 OOC CON 

1OOO.OOH 



Rad io log i ca l Parameter Resul ts f o r S u r f i c i a l So i l Samples 

S t a t i o n Id 

SS-01 
SS-02 
SS-03 
SS-04 
SS-06 
SS-08 
SS-09A 
SS-09B 
SS-10 

ss-n 
SS-12 
SS-13 
SS-16 
SS-19 
SS-20 
SS-21 
SS-22 
SS-23 
SS-24 
SS-25 
SS-26 
SS-27 
SS-23 
SS-29 
SS-30 
SS-31A 
SS-31B 
SS-32 
SS-33 
SS-34 
SS-35 
SS-36 
SS-37 
SS-38 
SS-39 
SS-40 
SS-41 
SS-42 
SS-43 
SS-44 
SS-45 
SS-46 
SS-47 
SS-48 
SS-49 
SS-50 
SS-51 
SS-52 

Gross 
Al pha 
(pCi/g; 

8.5 +/-
3.3 +/-

< 
2.7 +/-
6.6 -̂ /-

< 

2.5 +/-
1.6 +/-
3.3 +/-
2.2 +/-
3.1 +/-

11.0 +/-
< 

3.2 +/-
2.1 t-/-
1.0 +/-
8.9 +/-
6.8 +/-
1.2 +/-
1.5 +/-
1.2 +/-
3.2 +/-
2.2 +/-
2.0 +/-
1.1 +/-
2.1 +/-
0.8 +/-
0.9 +/-

< 
0.9 +/-

< 
1.5 +/-
1.4 +/. 
2.6 +/-
2.1 +/-

< 
< 
< 

1.8 +/-
1.9 +/-

< 
< 

2.6 +/-
< 
< 
4 

6.5 +/-
13.0 +/-

2.7 
2.0 
0.3 
1.8 
3.5 
0.3 
1.6 
1.5 
2.0 
1 .6 
1.8 
3.2 
0.3 
0.9 
0.9 
0.5 
3.2 
2.7 
0.9 
1.1 
1.1 
3.0 
1.1 
1.2 
0.7 
0.9 
0.7 
0.7 
0.3 
0.8 
0.3 
1.6 
0.7 
1.8 
1.1 
0.3 
0.3 
0.3 
1.7 
1.4 
0.3 
0.3 
2.2 
0.3 
0.3 
0.3 
4.1 
4.5 

Total 
Urani um 
ug/g 

1.56 
2.15 
1.27 
0.66 
1.04 
0.63 
1.29 
0.80 
1.21 
0.87 
1.04 
1.02 
0.80 
1.86 
1.33 
0.99 
1.03 
0.84 
0.62 
1.25 
0.97 
2.19 
0.39 
0.59 

< 0.05 
0.08 
0.53 

< 0.05 
0.49 
0.53 

« 0.05 
0.07 
0.45 
0.51 
0.81 
1.26 
0.87 
0.56 
K52 
0.69 
0.77 
0.70 
0.62 
0.94 
0.44 
0.43 
1.54 
1.91 

Radium-226 
(PC 

0.33 
0.20 
2.35 
2.18 
0.97 
0.46 

0.62 

1 .09 

1 .49 

2.27 
0.99 
0.89 
3.70 
1.35 
0.31 
1.44 
0.57 
0.86 
1.11 
2.91 

0.41 

0.36 

0.58 
0.51 
0.56 
0.48 
0.64 
0.80 
1.47 
7.02 
2.86 
0.28 
0.50 
1.55 
0.36 
1.67 

0.52 
0.28 

:i/g 

+/-
+/-
+/-
+/-
+/-

+/-
< 

+/-
< 

+/-
< 

+/-
< 

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
< 

+/-
< 

+/-
< 
< 

+/-
+/-
+/-
*/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
^f-
+/-
< 

< 

+/-
+/-

) 

0.05 
0.03 
0.27 
0.42 
0.09 
0.31 
0.20 
0.10 
0.20 
0.27 
0.20 
0.30 
0.20 
0.34 
0.34 
0.28 
0.43 
0.31 
0.07 
0.34 
0.09 
0.09 
0.21 
0.20 
0.20 
0.24 
0.20 
0.23 
0.20 
0.20 
0.34 
0.25 
0.28 
0.25 
0.33 
0.28 
0.21 
0.40 
0.26 
0.09 
0.28 
0.39 
0.09 
0.30 
0.20 

0.20 
0.24 
0.15 



^ 

Rad io log ica l Paraaeter Resul ts f o r S u r f i c i a l S o i l Samples 

S t a t i o n Id Gross T o t a l Radium-226 
Alpha Uranium ( p C i / g ) 

( p C i / g ) ug /g 

SS-53 
SS-54 
SS-55 
SS-56 
SS-57 
SS-58A 
SS-58B 
SS-59 
SS-60 
SS-51 
SS-62 
SS-63A 
SS-63B 
SS-64 
SS-65 
SS-66 
SS-67 
SS-68 
SS-69 
SS-70 
MW4-S-1 
MW5-S-1 
MW7-S-1 
MW8-S-1 
MWlO-S-1 
MWl l -S-1 
MW12-S-1 
MW13-S-1 

5.5 
12.6 

3.8 

11.7 
8 .1 
2.4 
2.5 
2.0 
1.9 
2 .8 
2 .5 
2.0 
1.9 
2.3 
5.0 
2.7 

5.6 

1.6 

+ / - 4 .0 
+ / - 4 .5 

< 0.3 
+ / - - 2 . 5 

« 0.3 
« 0.3 
< 0.3 

+ / - 4 .1 
+ / - 4 .1 
+ / - 1.5 
+ / - 1.6 
+ / - 1.4 
+ / - 1.5 
+ / - 1.6 
+ / - 1.3 
+ / - 0.9 
+ / - 0.8 
+ / - 0.9 
+ / - 1.9 
+ / - 1.3 

« 0.3 
« 0.3 

+ / - 3.3 
< 0.3 
« 0.3 
< 0.3 

+ / - 1.3 
« 0.3 

1.71 
1.96 
0.14 
0.49 
0.14 
0.37 
0.30 
2 .36 
1.40 
1.13 
0.49 
0.32 
0.40 
0.28 
0 .29 
0.41 
0.75 
0.50 
0.43 
0.17 
0.47 
0.97 
0.85 
0.62 
0.85 
0.94 
0,96 
0.92 

0 .54 

0.37 

0 .14 

0.87 
1.60 
0.51 
0.49 

0.33 
0.76 

0.43 
0.52 
0.62 
0 .41 
2 .13 
0 .48 
1.47 
2 .00 
0.36 

0 .74 

+ / -
< 
< 

+ / -
< 

+ / -
< 

+ / -
+ / -
+ / -
+ / -

< 
+ / -
+ / -

< 
< 

+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -
+ / -

< 
< 

+ / -

0.33 
0.20 
0.20 
o.n 
0.20 
0.03 
0.02 
0.16 
0.24 
0.13 
0.20 
0.20 
0.22 
0.10 
0.20 
0.20 
0.10 
0.10 
0.10 
0.10 
0.29 
0.28 
0.38 
0.28 
0.16 
0.20 
0.20 
0.31 

Source : Lancas te r L a b o r a t o r i e s , F i l e 4 - 0 9 - 0 1 i n ASARCO Access ion System 



Road Ehist Sampling Data 



xz 

1 9 9 / 2 0 - 0 0 : PROTOCOL: SA 

SAMPLE ID: NEA-001 
PARTICLE SIZE: C 
ANALYSIS ID: MM930 
STORAGE TANK 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 1138.+- 10. MICROGRAMS 

ELEMEh 

AL 
SI 
.P 
S 
J:L 
K 
CA 
TI 
V 

_CR 
MN 
FE 
NI 
CU 
ZN 
"GA 
AS 

" SE 
BR 

-.RB 
SR 
Y 
ZR 
MO 

•^PD 
AG 
CD 
IN 
SN 

^ S B 
BA 
LA 
HG 
PB 

IT UG/CM2 

4.2117+-
15.9424+-

.3088+-
3.8602+-
.0000+-
.8458+-

5.7074+-
.4735+-
.0730+-
.1552+-
.1762+-

23.4626+-
.1189+-

11.7096+-
.7140+-
.0000+-

5.5977+-
.0094+-
.0143+-
.0000+-
.0130+-
.0000+-
.0000+-
.0816+-
.0000+-
.0000+-
.1105+-
.0311+-
.0000+-
.8210+-
.0000+-
.0000+-
.0364+-

4.0005+-

.5583 
2.2389 
.0700 
.5998 
. 0735 
.0987 
.6413 
.0264 
. 0079 
. 0096 
.0106 

1.1826 
.0080 
.5933 
.0610 
.0131 
.3537 
.0047 
.0264 
.0076 
.0039 
.0140 
.0161 
.0122 
.0115 
.0161 
.0184 
.0199 
.0275 
.0913 
.0913 
.1653 
.0182 

x^2055 

U6/FILTER 

27.797+-
105.220+-

2.038+-
25.477+-

.000+-
5.582+-

37.669+-
3.125+-
.482+-

1.024+-
1.163+-

154.853+-
.785+-

77.2B3+-
4.712+-
.000+-

36.945+-
.062+-
.094+-
.000+-
.086+-
.000+-
.000+-
.539+-
.000+-
. 000+-. 
.729+-
.205+-
.000+-

S.419+-
.000+-
.000+-
.240+-

26.403+-

3.685 
14.777 

.462 
3.958 
.485 
.651 

4.233 
.174 
.052 
.063 
.070 

7.805 
.ObJ 

3.916 
.403 
.086 

2.334 
.031 
.174 
.050 
.026 
.092 
.106 
.081 
.076 
.106 
.121 
.131 
.182 
.603 
.603 

1.091 
.120 

1.356 

PERCENT 

2.443+-
9.246+-
.179+-

2.239+-
.000+-
.491+-

3.310+-
.275+-
.042+-
.090+-
.102+-

13.607+-
.069+-

6.791+-
.414+-
.000+-

3.246+-
.005+-
.008+-
.000+-
.008+-
.000+-
.000+-
.047+-
.000+-
.000+-
.064+-
.018+-
.000+-
- 476+-
.000+-
.000+-
,021+-

2.320+-

.325 
1.301 
.041 
.348 
.043 
.057 
.J. 73 
.016 
,005 
.006 
.006 
.696 
.005 
.349 
.036 
.008 
.207 
.003 
.015 
.004 
.002 
.008 
.009 
.007 
.007 
.009 
.011 
.012 
.016 
.053 
.033 
.096 
.011 
.121 



199/20-004 PROTOCOL! SA 

SAMPLE ID: NEA-002 
PARTICLE SIZE: C 
ANALYSIS ID: MM934 
PLATE TREATER 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 536.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UG/CM 

1.3004+-
5.417S+-
.1793+-

1.1481+-
.0000+-
.3305+-

3.1789+-
.17S2+-
.0232+-
.0668+-
.0710+-

10.1392+-
.0635+-

5.8457+-
.4052+-
.0359+-

5.0559+-
.0000+-
.0000+-
.0000+-
.0000+-
.0417+-
.0000+-
..0353+-
.0000+-
.0000+-
.0442+-
.0000+-
.2416+-
•:9iii+-
.0000+-
.0000+-
.0000+-

7.2187+- , 

2 

.1745 

.7611 

. 0408 

.6806 

. 1150 

.0410 

.3581 

.0114 

. 0037 

.0049 
,0051 
.5129 
. 0050 
.2971 
.0328 
.0227 
.4587 
. 0054 
.0239 
.0073 
.0034 
.0240 
.0168 
.0087 
.0101 
.0118 
.0163 
.0171 
.0268 
.0869 
.0789 
-1327 
.0123 
s.36a8 

IJG/FILTER 

8.582+-
35.758+-
1.1S3+-
7.577+-
.000+-

2.182+-
20.981+-
1.176+-
.153+-
.441+-
.469+-

66.919+-
.419+-

38.582+-
2.674+-
.237+-

33.369+-
.000+-
.000+-
.000+-
.000+-
.275+-
.000+-
. 233-t— 

...:• . 0 0 0 + -
.000+-
.292+-
.000+-

1.595+-
6.013+-
.000+-
.000+-
.000+-

47.643+-

1. 151 
5.024 
,269 

4.492 
.759 
.270 

2.363 
.075 
. 024 
.032 
. 034 

3.385 
. 033 

1.961 
.216 
.150 

3.027 
.036 
, 158 
.048 
.022 
.158 
.111 
-057 
.067 
.078 
. 108 
.113 
.177 
. 574 
.521 
. 876 
.081 

2.434 

PERCENT 

1.601+-
6.671+-
.221+-

1.414+-
.000+-
.407+-

3.914+-
.219+-
.029+-
.082+-
.087+-

12.4S5+-
.078+-

7.198+-
.499+-
.044+-

6.226+-
.000+-
.000+-
.000+-
.000+-
.051+-
.000+-
.043+-
.000+-
.000+-
.054+-
.000+-
. 297-»~ 

1.122+-
.000+-
.000+-
.000+-

8.8S9+-

.217 

.945 

. 050 

.339 

.142 

.051 

.447 

.015 

. 005 

. 006 

. 006 

.673 

. 006 

.390 

.041 

.028 

.577 

. 007 

.029 

.009 

.004 

.030 

.021 

.011 

.012 

.015 

.020 

.021 

.033 

.109 

.097 

.163 

.015 

.483 



'-:-^»tV.J--:>-..j'i. 

1 9 9 / 2 0 - 0 0 : PROTOCOL: SA 

SAMPLE I D : NEA-003 
PARTICLE S I Z E : C 
ANALYSIS I D : MM910 
REVERRB FURNACE 
EXPOSED AREA: 6 . 6 0 SQUARE CM 
MASS OF DEPOSIT: 2 4 9 0 . + - 1 0 . MICROGRAMS 

ELEMENT UG/CM2 

AL 
S I 
P 
S 
CL 
K 
CA 
T I 
V 
CR 
MN 
FE 
N I 
CU . 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
I N 
SN 
SB 
BA 
LA 
HG 
PB 

4 . 7 2 0 6 + -
1 7 . 6 4 5 4 + -

. 9 1 8 9 + -
1 4 . 0 2 4 2 + -

. 0 0 0 0 + -
1 . 6 6 7 6 + -
6 . 9 5 7 9 + -

. 6 7 8 7 + -

. 0 9 4 5 + -
. 4 3 1 0 + -
. 3 7 2 7 + -

5 5 . 9 1 3 6 + -
. 3 6 3 7 + -

4 6 . 7 7 9 4 + -
3 . 3 6 7 0 + -

. 0 0 0 0 + -
3 4 . 6 9 8 6 + -

. 0 4 2 9 + -

. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 2 4 5 9 + -
. 0 0 0 0 + -
. 2 3 4 5 + -
. 2 5 7 S + -
. 1 8 8 7 + -
. 7 0 8 4 + -

4 . 7 2 5 0 + -
. 0 0 0 0 + -
. 0 0 2 2 + -
. 0 6 6 4 + -

1 4 . 3 2 5 2 + -

, 6 4 1 9 
2 . 4 7 8 3 

. 2 0 6 3 
2 . 2 0 4 1 

. 2 5 9 4 
. 1 9 1 2 
. 7 8 1 5 
. 0 4 6 5 
. 0 1 5 2 
. 0 2 3 5 
. 0 2 0 9 

2 . 8 1 3 8 
, 0 2 0 5 

2 . 3 6 4 7 
. 2 5 5 4 
. 0 4 4 8 

1 . 9 0 7 2 
. 0 1 8 3 
. 1 4 8 9 
. 0 4 0 7 
. 0 0 6 5 
. 0 4 8 0 
. 0 2 8 0 
. 0 2 2 4 
. 0 4 2 8 
. 0 3 7 5 
. 0 3 9 5 
. 0 2 6 8 
. 0 5 5 8 
. 3 1 4 3 
. 1 1 0 2 
. 1 6 7 0 
. 0 9 9 4 

^ . 7 2 9 4 

UG/FILTER 

3 1 . 1 5 6 + -
1 1 6 . 4 5 9 + -

6 . 0 6 5 + -
9 2 . 5 6 0 + -

. 0 0 0 + -
1 1 . 0 0 6 + -
4 5 . 9 2 2 + -

4 . 4 7 9 + -
. 6 2 4 + -

2 . 8 4 5 + -
2 . 4 6 0 + -

3 6 9 . 0 3 0 + -
2 . 4 0 0 + -

3 0 8 . 7 4 4 + -
2 2 . 2 2 2 + -

. 0 0 0 + -
2 2 9 . 0 1 1 + -

. 2 8 3 + -

. 0 0 0 + -

. 0 0 0 + -

. 0 0 0 + -

. 0 0 0 + -

. 0 0 0 + -
1 . 6 2 3 + -

. 0 0 0 + -
1 . 5 4 8 + -
1 . 7 0 1 + -
1 . 2 4 5 + -
4 . 6 7 5 + -

3 1 . 1 8 5 + -
. 0 0 0 + -
. 0 1 5 + -
. 4 3 8 + -

9 4 , 5 4 6 + -

4 . 2 3 6 
1 6 . 3 5 7 

1 . 3 6 2 
1 4 . 5 4 7 

1 , 7 1 2 
1 . 2 6 2 
5 . 1 5 8 

. 3 0 7 
, 1 0 0 
. 1 5 5 
. 1 3 8 

1 8 . 5 7 1 
. 1 3 5 

1 5 . 6 0 7 
1 . 6 8 6 

. 2 9 6 
1 2 . 5 8 8 

. 1 2 1 
, 9 8 3 
. 2 6 9 
. 0 4 3 
. 3 1 7 
, 1 8 5 
. 1 4 8 
. 2 8 2 
. 2 4 8 
. 2 6 1 
. 1 7 7 
. 3 6 8 

2 , 0 7 4 
. 7 2 7 

1 . 1 0 2 
. 6 5 6 

4 , 8 1 4 

PERCENT -_ -

1 . 2 5 1 + -
4 . 6 7 7 + -

. 2 4 4 + -
3 . 7 1 7 + -

, 0 0 0 + -
. 4 4 2 + -

1 . 8 4 4 + -
. 1 8 0 + -
. 0 2 5 + -
. 1 1 4 + -
. 0 9 9 + -

1 4 . 8 2 0 + -
. 0 9 6 + -

1 2 . 3 9 9 + -
. 8 9 2 + -
. 0 0 0 + -

9 . 1 9 7 + -
. 0 1 1 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 6 5 + -
. 0 0 0 + -
. 0 6 2 + -
. 0 6 8 + -
. 0 5 0 + -
. 1 8 8 + -

1 . 2 5 2 + -
. 0 0 0 + -
. 0 0 1 + -
. 0 1 8 + -

3 . 7 9 7 + -

. 170 
. 6 5 7 
. 0 5 5 
. 5 8 4 
. 0 6 9 
. 0 5 1 
. 2 0 7 
. 0 1 2 
. 0 0 4 
. 0 0 6 
. 0 0 6 
. 7 4 8 
. 0 0 5 
. 6 2 9 
. 0 6 8 
. 0 1 2 
. 5 0 7 
. 0 0 5 
. 0 3 9 
. 0 1 1 
. 0 0 2 
. 0 1 3 
. 0 0 7 
. 0 0 6 
. 0 1 1 
. 0 1 0 
. 0 1 0 
. 0 0 7 
. 0 1 5 
. 0 8 3 
. 0 2 9 
. 0 4 4 
. 0 2 6 
. 1 9 4 



199/20-002 PROTOCOL: SA 

SAMPLE ID: NEA-004 
PARTICLE SIZE: C 
ANALYSIS ID: MM914 
N.W. REFINERY #1 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 1722.+- 10. MICROGRAMS 

ELEMENT U6/CM2 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

4.0526+-
12.7778+-

.3744+-
10.2430+-

.0000+-

.4564+-
50.7180+-

.3572+-

.0231+-

.0746+-

. 10.33+-
10.3324+-

.2627+-
6.5010+-
.7225+-
.0000+-

7.0505+-
.0133+-
.0188+-
.0000+-
.0752+-
.0000+-
.0000+-
.0531+-
.0000+-
.1449+-
.0000+-
.0000+-
.0000+-

2.3580+-
.0000+-
.0064+-
.0000+-

3.5898+-

.5378 
1.7948 
. 1012 

1.2121 
.6015 
.0926 

5.6830 
. 0206 
. 0052 
. 0054 
. 0068 
.5226 
.0154 
. 3302 
.0466 
.0118 
.4042 
.0048 
.0330 
. 0093 
.0063 
.0128 
.0168 
.0112 
.0131 
.0248 
.0219 
. 0204 
.0282 

-: .1545 
• .0896 
.1672 
.0156 

H.. 1847 

UG/FILTER 

26.747+-
84.333+-
2.471+-

67.604+-
.000+-

3.012+-
334.739+-

2.358+-
.152+-
.492+-
.682+-

68.194+-
1.734+-

42.907+-
4.769+-
.000+-

46.533+-
.088+-
.124+-
.000+-
.496+-
.000+-
.000+-
.350+-
.000+-
.956+-
.000+-
.000+-
.000+-

15.563+-
.000+-
.042+-
.000+-

23.693+-

3. 550 
11.846 

.668 
8.000 
3. 970 
.611 

37.507 
. 13c 
. 034 
.036 
.045 

3.449 
.102 

2.179 
.308 
. 078 

2.668 
.032 
.218 
.061 
.042 
.084 
. Ill 
.074 
.086 
.164 
.145 
. 135 
.186 

1.020 
.591 

1.104 
.103 

1.219 

PERCE 

1,553+-
4.897+-
.144+-

3.926+-
.000+-
.175+-

19.439+-
.137+-
.009+-
.029+-
.040+-

3.960+-
.101+-

2.492+-
.277+-
.000+-

2.702+-
.005+-
.007+-
.000+-
.029+-
.000+-
.000+-
.020+-
.000+-
.056+-
.000+-
.000+-
.000+-
.904+-
.000+-
.002+-
.000+-

1.376+-

NT 

. 206 

.689 

.039 

.465 

.231 

.036 
2. lai 
. 008 
. 002 
. 002 
. 003 
.202 
.006 
.127 
.018 
.005 
.156 
.002 
.013 
.004 
.002 
.005 
.006 
.004 
.005 
.010 
. 008 
.008 
.011 
.059 
.034 
.064 
.006 
.071 



199/20-004 PROTOCOL: 3 SA 

SAMPLE ID: NEA-005 
PARTICLE SIZE: C 
ANALYSIS ID: MM942 
REFINERY #3 - S. END 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 588.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

IT UG/CM2 

4.2027+-
11.0147+-

.2343+-
1.4924+-
.0000+-
.5822+-

4.3908+-
.3689+-
.0245+-
.0669+-
.0777+-

6.1484+-
.1864+-

3.7228+-
.2262+-
. 0087+-

2.0544+-
.0169+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0046+-
.0942+-
.0266+-
.0000+-
.0000+-
.7277+-
-1598+-
.1006+-
.0Q00+-

1.1106+-

.5564 
1.5462 
. 0533 
.2129 
.1267 
.0689 
.4938 
,0211 
. 0053 
. 0049 
.0054 
.3122 
.0114 
. 1899 
. 0204 
.0043 
.1205 
.0030 
.0105 
.0034 
.0026 
.0049 
.0121 
.0079 
. 0082 
.0163 
.0133 
,0153 
,0203 
.0808 
.0799 
,1382 
-0063 

^, 0589 

UG/FILTER 

27.738+-
72.697+-
1.547+-
9.S50+-
.000+-

3.842+-
28.980+-
2.435+-
.162+-
.442+-
.513+-

40.579+-
1.230+-

24.570+-
1.493+-
.057+-

13.559+-
.112+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.030+-
.622+-
.176+-
.000+-
.000+-

4.803+-
1.055+-
.664+-
.000+-

7.330+-

3.672 
10.205 

.352 
1.405 
.&36 
.455 

3.259 
. 139 
.035 
.032 
.036 

2.061 
.075 

1.253 
.135 
.028 
.795 
.020 
.069 
, 022 
.017 
.032 
.080 
.052 
.054 
.108 
.088 
,101 
,134 
.533 
.527 
.912 
.042 
.389 

PERCENT 

4.717+-
12.363+-

.263+-
1.675+-
.000+-
.653+-

4.929+-
.414+-
.027+-
.075+-
.087+-

6.901+-
.209+-

4.179+-
.254+-
.010+-

2.306+-
.019+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.005+-
.106+-
.030+-
.000+-
.000+-
.817+-
.179+-
,113+-
,000+-

1,247+-

.630 
1.748 
.060 
.241 
.142 
.078 
.561 
.025 
.006 
.006 
.006 
.370 
.013 
.225 
.023 
.005 
.141 
.003 
.012 
.004 
.003 
.005 
.014 
.009 
.009 
.018 
.015 
.017 
.023 
. 092 
. 090 
.155 
.007 
,069 



: \ 

199/20-004 PROTOCOL: 3 SA 

SAMPLE ID: NEA-006 
PARTICLE SIZE: C 
ANALYSIS ID: MM944 
HERSHEKOFF ROASTERS 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 1455.+- 10. MICROGRAMS 

EMEh 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

IT U6/CM2 

3.4231+-
10,5560+-

.4381+-
5.7642+-
.0996+-
.7775+-

12.2077+-
.6146+-
.1008+-
,2356+-
.3121+-

52.4856+-
.15S2+-

9.3590+-
.7776+-
.0276+-

9.3484+-
.0000+-
.0307+-
.0000+-
.0000+-
.0000+-
.0000+-
.0688+-
.0000+-
.0000+-
.0000+-
.0000+-
.3111+-
1.4112+-

. .0860+-
.1605+-
.0560+-

5.6469+-

.4556 
1.4821 
.0995 
.8896 
.1074 
. 0923 

1.3694 
. 0.336 
. 0099 
.0137 
.0174 

2.6415 
.0100 
. 4746 
.0561 
.0180 
.5588 
.0061 
.0437 
.0122 
.0040 
.0192 
.0164 
.0112 
.0129 
.0163 
.0196 
.0197 
.0297 
. 1078 
.0820 
.1495 
.0280 

V ^ 8 9 1 

UG/FILTER 

22.593+-
69.669+-
2.S91+-

38.044+-
.658+-

5.131+-
S0.571+-
4.056+-
.665+-

1.555+-
2.060+-

346.405+-
1.044+-

61.769+-
5.132+-
.182+-

61.699+-
.000+-
.203+-
.000+-
.000+-
.000+-
.000+-
.454+-
.000+-
.000+-
.000+-
.000+-

2.053+-
9,314+-
,568+-
1.059+-
,370+-

37.270+-

3.007 
9.782 
.657 

5.871 
.709 
.613 

9.038 
.222 
. 065 
.090 
.115 

17.434 
.066 

3. 132 
.370 
.119 

3.688 
. 040 
.288 
.081 
.026 
.127 
.108 
.074 
.085 
. 108 
.129 
.130 
.196 
.711 
.541 
.987 
.185 

1.908 

PERCENT 

1.553+-
4.788+-
.199+-

2.615+-
.045+-
.353+-

5.53S+-
.279+-
.046+-
.107+-
.142+-

23.30S+-
.072+-

4.245+-
.353+-
.013+-

4.241+-
.000+-
.014+-
.000+-
.000+-
.000+-
.000+-
.031+-
.000+-
.000+-
.000+-
.000+-
.141+-
.640+-
.039+-
.073+-
.025+-

2,561+-

.207 

.673 

. 045 

.404 

.049 

.042 

.622 

.015 

. 005 

. 006 

. 008 
1.209 
. 005 
.217 
.026 
, 008 
.255 
. 003 
.020 
.006 
.002 
.009 
.007 
.005 
.006 
.007 
. 009 
. 009 
.014 
.049 
.037 
.068 
.013 
.132 



199/20-002 PROTOCOL; 3 SA 

SAMPLE ID: NEA-007 
PARTICLE SIZE: C 
ANALYSIS ID: MM916 
S. REFINERY #1 
EXPOSED AREA: 6. 
MASS OF DEPOSIT: 

60 SQUARE CM 
590.+- 10. MICROGRAMS 

EMEN-

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

T UG/CM 

1. 316.3+-
5.4784+-
.1842+-

2.5162+-
.0000+-
.3066+-

6.0261+-
.2326+-
.0247+-
.0593+-
,0769+-

9,2222+-
.1585+-

5.5066+-
.4001+-
.0000+-

4.6301+-
.0362+-
.0000+-
.0000+-
.0221+-
.0000+-
.0000+-
.0406+-
,0149+-
.2950+-
-0831+-
.0000+-
,0000+-

1.4117+-
.0728+-
.0307+-
.0000+-

1.9463+- . 

2 

,1765 
.7701 
,0424 
.3451 
.1706 
.0394 
. 6770 
.0142 
. 0042 
.0046 . 
,0054 
.4668 
.0100 
.2800 
.0316 
. 0069 
.2565 
.0056 
,0221 
.0063 
.0029 
.0076 
.0138 
.0095 
.0097 
,0279 
.0162 
.0200 
.0260 
.1015 
.0852 
,1531 
.0091 

^.1013 

UG/FILTER 

S.687+-
36.157+-
1.216+-

16.607+-
.000+-

2.024+-
39.773+-
1.535+-
.163+-
.391+-
.508+-

60.867+-
1.046+-

36.344+-
2.641+-
.000+-

30.559+-
.239+-
.000+-
.000+-
.146+-
.000+-
.000+-
.26S+-
.098+-

1.947+-
.548+-
.000+-
.000+-

9.314+-
.480+-
.203+-
.000+-

12.846+-

1. 165 
5.083 
.280 

2.278 
1. 126 
.260 

4.468 
.094 
.028 
.030 
.0.36 

3.081 
.066 

1.848 
.209 
.046 

1.693 
.037 
. 146 
.042 
.019 
.050 
.091 
.063 
.064 
.184 
.107 
.132 
.172 
.670 
.562 

1.010 
.060 
.669 

PERCENT 

1.472+-
6.12B+-
.206+-

2.815+-
.000+-
.343+-

6.741+-
.260+-
.028+-
.066+-
.086+-

10.316+-
.177+-

6.160+-
.448+-
.000+-

5.179+-
.040+-
.000+-
.000+-
.025+-
.000+-
.000+-
.045+-
.017+-
.330+-
,093+-
.000+-
.000+-

1.579+-
.081+-
.034+-
.000+-

2,177+-

,199 
,868 
.048 
.389 
,191 
.044 
.766 
.016 
.005 
.005 
.006 
.551 
.012 
.330 
.036 
.008 
, 300 
.006 
.025 
.007 
.003 
.009 
.015 
.011 
.011 
.032 
.018 
.072 
.029 
.117 
.095 
.171 
,010 
.119 



199/20-004 PROTOCOL: SA 

SAMPLE ID: NEA-008 
PARTICLE SIZE: C 
ANALYSIS ID: MM946 
CENTRAL CHANGE HOUSE 
EXPOSED AREA: 6,60 SQUARE CM 
MASS OF DEPOSIT: 456.+- 10. MICROGRAMS 

.EMENT 

AL 
SI 
P 
3 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UG/CM 

2.1064+-
6,3635+-
.1393+-

1.3958+-
.0000+-
.3467+-

3.0061+-
.2397+- -
.0337+-
.1234+-
.0705+-

7.7491+-
.1032+-

6.674S+-
.3080+-
.0000+-

3.2812+-
.0100+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0111+-
.0278+-
.0316+-
.0312+-
.0000+-
.474S+-
.1022+-
.0000+-
.0Q00+-

1.3780+-

i-y 

.2802 

.9639 

. 0432 
,2173 
.0653 
. 0425 
.3387 
.0146 
. 0047 
. 0079 
. 0054 
. 3927 
.0074 
.3390 
. 0326 
. 0053 
.1822 
.0033 
.0157 
. 0047 
.0032 
. 0060 
.0145 
,0100 
.0103 
.0139 
.0158 
.0199 
.0249 
.0707 
.0937 
.1612 
.010"6 

.. . 0725 

UG/FILTER 

13.903+-
45.299+-
1.249+-
9.212+— 
.000+-

2.238+-
19.340+-
1.582+-
.222+-
.314+-
.465+-

51,144+-
.714+-

44.054+-
2.033+-
.000+-

21.656+-
.066+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.073+-
.183+-
.209+-
.206+-
.000+-

3.134+-
.675+-
.000+-
.000+-

9.095+-

1.849 
a« '^»^J!L 

.235 
1. 435 
.431 
.231 

2.235 
.096 
. 031 
.052 
. 036 

2.592 
.049 

2.237 
.215 
.035 

1.203 
.022 
.104 
,031 
.021 
,040 
.096 
.066 
.068 
.092 
.104 
.131 
.164 
.467 
.618 
1.064 
.070 
.478 

PERCENT 

3,049+-
9.934+-
.274+-

2.020+-
.000+-
.502+-

4.351+-
,347+-
.049+-
.179+-
.102+-

li.216+-
.157+-

9.661+-
.446+-
.000+-

4.749+-
,014+-
.000+-
.000+-
.000+-
,000+-
.000+-
.000+-
.016+-
.040+-
.046+-
.045+-
.000+-
.6S7+-
.148+-
.000+-
.000+-

1.994+-

.411 
1.412 
. 063 
.313 
.095 
. 063 
.499 
. 022 
. 007 
.012 
. GOB 
.619 
.011 
.5.34 
.043 
. 008 
.234 
, 005 
. 023 
.007 
.005 
. 009 
.021 
.014 
,015 
.020 
.023 
. 029 
.036 
.103 
.136 
• ,^3o 

.015 

.114 



199/20-004 PROTOCOL! SA 

SAMPLE ID: NEA-009 
PARTICLE SIZE: C 
ANALYSIS ID: MM948 
SURFICIAL DUST SAMPLE 
EXPOSED AREA; 6.60 SQUARE CM 
MASS OF DEPOSIT: 632.+- 10. MICROGRAMS 

.EMEN 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE -
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

T UG/CM2 

4.7316+-
17.5478+-

.1944+-
1,0999+-
.0504+-
.7910+-

2.9584+-
.4051+-
.0373+-
.0658+-
.1047+-

9,9533+-
.0460+-

1.4230+-
.3022+-
.0068+-

2.99S3+-
.0206+-
.0000+-
,0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0043+-
.0000+-
,0304+-
.0000+- . 
,0000+-
.2695+-
.1021+-
.0000+-
.1119+-

1.4471+-

.6263 
2.4627 
. 0443 
.1966 
.0321 
. 0920 
.3334 
.0230 
.0061 
. 0050 
.0068 
.5035 
.0041 
.0737 
.0180 
. 0053 
.1708 
.0036 
.0162 
.0049 
.0034 
.0063 
.0145 
.0098 
.0100 
.0135 
.0152 
.0185 
.0253 
.0620 
.0944 
.1634 
.0335 

>̂ , 0760 

UG/FILTER 

31.22B+-
115,816+-

1.2S3+-
7,259+-
,333+-

5.220+-
19.526+-
2.674+-
.246+-
.434+-
.691+-

65.692+-
.304+-

9,392+-
1.995+-
.045+-

19.789+-
,136+-
.000+-
,000+-
.000+-
.000+-
.000+-
.000+-
.028+-
.000+-
.201+-
.000+-
.000+-

1.779+-
.674+-
.000+-
.739+-

9,551+-

4.133 
16.254 

.292 
1.298 
.212 
.607 

2,200 
. 152 
,040 
.033 
.045 

3.323 
.027 
.486 
.119 
.035 

1.127 
.024 
. 107 
.032 
.022 
.042 
.096 
.065 
.066 
.089 
.100 
.122 
.167 
.409 
.623 

1.078 
.221 
,502 

PERCENT -

4.941+-
18,325+-

.203+-
1.149+-
.053+-
.826+-

3.090+-
.423+-
.039+-
.069+-
.109+-

10.394+-
.048+-

1.486+-
.316+-
.007+-

3-131+-
.022+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.004+-
.000+-
.032+-
.000+-
.000+-
.281+-
.107+-
.000+-
.117+-

1.511+-

.659 
2.588 
.046 
.206 
.033 
.097 
.352 
.025 
.006 
.005 
.007 
.551 
.004 
.080 
.019 
.006 
.185 
.004 
.017 
.005 
.004 
.007 
.015 
.010 
,010 
.014 
.016 
.019 
.026 
.065 
.099 
.171 
.035 
.083 



199/20-004 PROTOCOL: ^ SA 

SAMPLE ID: NEA-010 
PARTICLE SIZE: C 
ANALYSIS ID: MM950 
UPPER STACK. AREA 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 394.+- 10. MICROGRAMS 

ELEMENT UG/CM2 
UG/FILTER 

10 
AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
IR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

2.9256+-
.6431+-
. 0845+-
.396B+-
,0000+-
.4627+-
..2S6B+-
.2439+-
',0231+-
.0524+-
.0562+-

3.5058+-
.0367+-
.4435+-
.0677+-
.0036+-

4,0434+-
.0043+-
.0234+-
.0000+-
.0000+-
.0000+-
.0028+-
.0000+-
.0176+-
.0301+-
. 0008+-
.0001+-
.0445+-
.3445+-
.0000+-
.0813+-
.0460+-
. 2838+-

.3881 

.4940 

.0197 

. 0673 

.0832 
. 0550 
. 1423 
.0148 
. 0042 
. 0042 
. 0043 
.1794 
. 0036 
. 0242 
.0054 
.0013 
.2057 
. 0022 
.0199 
. 0056 
.0025 
. 0033 
.0125 
.0078 
. 0094 
.0118 
.0119 
.0162 

.0211 

.0614 

.0774 

.1454 

.0172 
..0173 

2. 
9 

19.309+-
70.244+-

.5SB+-
2.619+-
.000+-

3.054+-
. 8.295+-

1.610+-
.152+-
.346+-
.371+-

23,133+-
.242+-

2.927+-
.447+-
.024+-

26.686+-
,023+-
.154+-
.000+-
.000+-
.000+-
.018+-
.000+-
.116+-
.199+-
.005+-
.001+-
.294+-

2.274+-
.000+-
.537+-
.304+-
1.873+-

561 
,361 
.130 
.444 
.549 

4 
17 

.363 

.942 

.093 

.023 

.028 
,028 
1,134 
,024 
.160 
.036 
.012 

1.358 
.015 
.131 
.037 
.016 
.022 
.083 
.051 
.062 
.078 
.079 
.107 
.139 
.405 
.511 
.960 
.114 
.114 

PERCENT 

.901+- •̂ J''± 

.323+- 2.54.> 

.142+-

.665+-

.000+-

.775+-
M 0 5 + -
,409+-
.039+-
. 088+-
.094+-

5.S73+-
.061+-
.743+- • 
.113+- • 
.006+-

6,773+-
.007+-
.039+-
,000+-
.000+-
.000+-
.00S+-
,000+-
.029+-
.050+-
.001+-
,000+-
.075+-
.577+-
.000+-
.136+-
.077+-
.47S+-

033 
114 
139 
094 
245 
. 027 
. 007 
. 007 
.008 
,335 
. 006 
.045 
. 009 
. 003 
.335 
,004 
.033 
,009 
.004 
. 006 
,021 
.013 
.016 
.020 
.020 
.027 
.035 
.104 
.130 
.244 
.029 
.031 



: \ : 

199/20-004 PROTOCOL; SA 

SAMPLE ID: NEA-011 
PARTICLE SIZE: C 
ANALYSIS ID: MM932 
N. SIDE UPPER STACK AREA 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 839.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

IT UG/CM2 

6.2126+-
18.8684+-

.1957+-

.7203+-

.0000+-

.9138+-
7.5373+-
.5019+-
.0395+-
.0439+-
.1099+-

7.6505+-
.0374+-
1.0680+-
.5867+-
.0029+-

2.9134+-
.0077+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0149+-
.0089+r 
.0218+-
.0253+-
.0535+-

2.0122+-
.0000+-
.0000+-
.0904+-

1.4938+-

.8216 
2.6480 
. 0453 
.1771 
.1401 
.1064 
.8463 
.0279 
. 0070 
.0039 
. 0070 
.3878 
. 0037 
.0558 
.0315 
.0054 
.1682 
. 0030 
.0154 
.0047 
.0036 
. 0062 
.0148 
.0094 
.0104 
.0122 
.0159 
.0194 
. 0240 
.1685 
.0879 
.1643 
.0293 

.,. 0784 

UG/FILTER 

41.003+-
124.531+-

1.292+-
4.754+-
.000+-

6,031+-
49,750+-
3.313+-
.261+-
.290+-
.725+-

50.493+-
.247+-

7.049+-
3.872+-
.019+-

19.228+-
.051+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.098+-
.059+-
.144+-
,167+-
,353+-

13,281+-
.000+-
,000+-
,597+-

9, 859+-

5.422 
17.476 

.299 
1. 169 
.925 
.702 

5.586 
.184 
.046 
.026 
.046 

2.559 
.024 
.368 
.208 
.036 

1.110 
.020 
.102 
.031 
-024 
.041 
.098 
.062 
.069 
.081 
.105 
.128 
.158 

1.112 
.580 

1.084 
.193 
.517 

PERCENT 

4.8E7+-
14.S43+-

.154+-

.567+-

.000+-

.719+-
5.930+-
,395+-
.031+-
. 0.35+-
.086+-

6.018+-
. 029+.-
.840+-
.462+-
.002+-

2,292+-
.006+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.012+-
.007+-
.017+-
.020+-
.042+-

1.583+-
.000+-
.000+-
.071+-

1.175+-

.649 
2.091 
,036 
. 139 
.110 
.084 
.669 
.022 
.006 
.003 
.006 
.313 
,003 
.045 
.025 
.004 
.135 
.002 
.012 
,004 
.003 
.005 
.012 
.007 
.008 
.010 
.013 
.015 
.019 
.134 
.069 
.129 
.023 
.063 



199/20-002 PROTOCOL: SA 

SAMPLE ID: NEA-012 
PARTICLE SIZE: C 
ANALYSIS ID: MM91S 
N.W. UPPER 3T.ACK AREA 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 1071.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
p 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UG/CI* 

5.S153+-
19.7374+-

,3647+-
1,0442+-
.0000+-

1.1144+-
4.7351+-
.5139+-
.0333+-
.0578+-
.1164+-

11.2391+-
.0444+-

1.8420+-
1.2061+-
.0126+-

9,7595+-
,0000+-
.0000+-
.0000+-
.0090+-
.0000+-
.0000+-
.0342+-
.0000+-
.0000+-
.0940+-
.0000+-
.1456+-

1.1701+-
.0000+-
.0000+-
.1196+-

7.5005+-

2 

. 7700 
2.7715 
,0323 
'V̂ '7*'? 

, 1220 
. 1285 
,5324 
.0235 
. 0070 
. 0046 
. 0074 
.5707 
. 0040 
.0949 
,0629 
.0235 
.6323 
. 0067 
. 0458 
.0128 
. 0045 
.0251 
.0191 
.0105 
.0132 
.0137 
.0213 
.0204 
.0316 
.0977 
.0978 
.1642 
.0624 

..̂ .3831 

UG/FILTER 

38.335+-
130.267+-

2.407+-
6.392+-
.000+-

7.355+-
31.252+-
3.392+-
,253+-
,381+-
.768+-

74.508+-
,293+-

12.157+-
7,960+-
,083+-

64,413+-
,000+-
.000+-
.000+-
.059+-
.000+-
.000+-
.226+-
.000+-
.000+-
.620+-
.000+-
.961+-

7.723+-
.000+-
.000+-
.789+-

49.503+-

5.032 
13.292 

.543 
4.766 
.805 
,343 

3.514 
. 183 
,046 
.030 
,049 

3.767 
,026 
.626 
.415 
.155 

4.173 
.044 
.302 
.084 
.030 
.166 
.126 
.069 
.087 
.090 
.141 
.135 
.209 
.645 
.645 

1.084 
.412 

2.528 

PERCENT 

3.534+-
12.163+-

.225+-
,643+-
,000+-
.687+-

2.91S+-
.317+-
.024+-
.036+-
.072+-

6.957+-
.027+-

1.135+-
.743+-
.003+-

6.014+-
.000+-
.000+-
.000+-
.006+-
.000+-
.000+-
.021+-
.000+-
.000+-
.058+-
.000+-
.090+-
.721+-
.000+-
.000+-
.074+-

4.622+-

.476 
1.712 
. 051 
.445 
.075 
.079 
.329 
. 01S 
. 004 
. 003 
. 005 
.353 
. 002 
.059 
.039 
.014 
.394 
.004 
.028 
.008 
. 003 
.015 
.012 
.006 
.008 
.008 
.013 
.013 
.019 
.061 
.060 
.101 
.038 
.240 



•;-i-i" w..fcit•..'.:.'.;»;. iC._^:.: 

1 9 9 / 2 0 - 0 0 4 PROTOCOL: SA 

SAMPLE I D : NEA-013 
PARTICLE S I Z E : C 
ANALYSIS I D : MM940 
UPPER STACK AREA - N . E . 
EXPOSED AREA: 6 
MASS OF DEPOSIT: 

SIDE 
60 SQUARE CM 
6 1 8 . + - 1 0 . MICROGRAMS 

EMEN 

AL 
S I 
P . 
S -
CL. -
K -
CA -
T I 
V -
CR .. 
MN 
FE 
N I 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

T UG/CM2 

4 . 7 6 6 3 + -
1 6 . 3 2 3 4 + -

. 1 7 0 0 + -
1 . 1 5 7 1 + -

. 0 6 4 6 + -

. 7 5 6 7 + -
3 . 6 0 1 3 + -

. .3694+-

. 0 2 5 9 + -
. 0 2 9 9 + -
. 0 S 0 4 + -

5 . 5 4 2 1 + -
. 0 2 3 3 + -
. 6 7 9 0 + -
, 3 1 4 6 + -
. 0 0 5 3 + -

2 . 5 2 5 3 + -
. 0 0 6 2 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 9 4 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 1 0 6 + -
. 0 1 3 8 + -
. 0 2 8 0 + -
. 0 0 3 0 + -
. 0 4 3 2 + -
. 2 1 9 2 + -
. 1 1 7 7 + -
. 0 0 0 0 + -
. 0 3 7 4 + -

1 . 5 7 5 1 + -

. 6 3 0 7 
2 . .3610 

. 0 3 8 9 

. 2 0 7 9 
. 0 3 3 7 
. 0 8 8 2 
. 4 0 5 4 
, 0 2 1 2 
. 0 0 5 4 
. 0 0 3 1 
. 0 0 5 5 
. 2 8 1 8 
. 0 0 2 8 
. 0 3 6 1 
. 0 1 7 7 
. 0 0 5 6 
. 1 5 3 5 
. 0 0 3 2 
. 0 1 3 4 
. 0 0 4 1 
. 0 0 3 1 
. 0 0 6 2 
. 0 1 3 1 
. 0 0 8 1 
. 0 0 9 2 
. 0 1 1 2 
. 0 1 4 0 
. 0 1 6 7 
. 0 2 1 6 
. 0 5 2 6 
. 0 8 3 4 
. 1 4 4 0 
. 0 1 8 7 

^ . 0 8 2 5 

UG/FILTER 

3 1 . 4 5 8 + -
1 1 1 . 0 3 4 + -

1 . 1 2 2 + -
7 . 6 3 7 + -

. 4 2 7 + -
4 . 9 9 4 + -

2 3 . 7 6 9 + -
2 . 4 3 8 + -

. 1 7 1 + -
.. 1 9 7 + -
. 5 3 1 + -

3 6 . 5 7 8 + -
. 1 5 4 + -

4 . 4 8 1 + -
2 . 0 7 6 + -

. 0 3 5 + -
1 6 . 6 6 7 + -

. 0 4 1 + -

. 0 0 0 + -

. 0 0 0 + -

. 0 0 0 + -

. 0 6 2 + -

. 0 0 0 + -

. 0 0 0 + -

. 0 7 0 + -

. 0 9 1 + -

. 1 8 5 + -

. 0 2 0 + -
. 2 8 5 + -

1 . 4 4 7 + -
. 7 7 7 + -
. 0 0 0 + -
- 2 4 7 + -

1 0 . 3 9 6 + -

4 . 1 6 3 
1 5 . 5 8 3 

. 2 5 7 
1 . 3 7 2 

. 2 2 3 
. 5 8 2 

2 . 6 7 6 
. 1 4 0 
. 0 3 6 
. 0 2 0 
. 0 3 6 

1 . 8 6 0 
. 0 1 8 
. 2 3 8 
. 1 1 7 
. 0 3 7 

1 . 0 1 3 
. 0 2 1 
. 0 8 8 
. 0 2 7 
. 0 2 0 
. 0 4 1 
. 0 8 6 
. 0 5 3 
, 0 6 1 
. 0 7 4 
. 0 9 2 
. 1 1 0 
. 1 4 3 
. 3 4 7 
. 5 5 0 
. 9 5 0 
. 1 2 3 
. 5 4 4 

^ PERCENT 

5 . 0 9 0 + -
1 7 . 9 6 7 + -

. 1 8 2 + -
1 , 2 3 6 + -

. 0 6 9 + -
. 8 0 8 + -

3 . 8 4 6 + -
. 3 9 5 + -
. 0 2 8 + -
. 0 3 2 + -
. 0 8 6 + -

5 . 9 1 9 + -
. 0 2 5 + -
. 7 2 5 + -
. 336-1— 
. 0 0 6 + -

2 . 6 9 7 + -
. 0 0 7 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 1 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 1 1 + -
. 0 1 5 + -
. 0 3 0 + -
. 0 0 3 + -
. 0 4 6 + -
. 2 3 4 + -
. 1 2 6 + -
. 0 0 0 + -
. 0 4 0 + -

1 . 6 8 2 + -

. 6 7 9 
2 . 5 3 8 

. 0 4 2 

. 2 2 3 
. 0 3 6 
. 0 9 5 
. 4 3 7 
. 0 2 4 
. 0 0 6 
. 0 0 3 
. 0 0 6 
. 3 1 6 
. 0 0 3 
, 0 4 0 
. 0 2 0 
. 0 0 6 

. . 1 7 0 
. 0 0 3 
. 0 1 4 
. 0 0 4 
. 0 0 3 
. 0 0 7 
. 0 1 4 
. 0 0 9 
. 0 1 0 
. 0 1 2 
. 0 1 5 
. 0 1 8 
. 0 2 3 
. 0 5 6 
. 0 8 9 
. 1 5 4 
. 0 2 0 
. 0 9 2 



199/20-002 PROTOCOL: SA 

SAMPLE ID: NEA-014 
PARTICLE SIZE: C 
ANALYSIS ID: MM920 
GODFREY ROASTER 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 1680.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UG/CM2 

2.2036+-
17.1197+-

,2736+-
3,0156+-
.0000+-
.S056+-

6,5322+-
.5360+-
. 05.35+-
.0S7S+-
.1159+-

12.0501+-
.0972+-

4.9006+-
.9416+-
.0000+-

66.9136+-
1.1510+-
.8295+-
.0000+-
.0146+-
.0000+-
.0000+-
.0471+-
.0000+-
.0000+-
.0000+-
.0000+-
.1324+-

4.8947+-
.1662+-
.1037+-

4.9169+-
3.1454+-

.3742 
2.4042 
. 0623 
.4641 
. 1580 
. 0945 
.7337 
.0296 
, 0077 
, 0047 
, 0074 

• ,6039 
. 0069 
.2494 
.0532 
.0111 

3.3814 
.0786 
. 3368 
,0915 
. 0073 
.0248 
.0178 
.0137 
.0844 
.0414 
.0237 
.0249 
.0323 
.3141 
.1051 
.1871 
1.1607 
v l 6 2 2 

UG/FILTER 

14,544+-
112,990+-

1.306+-
19.903+-

.000+-
5.317+-

43.112+-
3.533+-
.353+-
-381+-
.765+-

79.531+-
.642+-

32.344+-
6.215+-
.000+-

441.630+-
7,597+-
5.475+-
.000+-
.096+-
.000+-
.000+-
.311+-
.000+-
.000+-
.000+-
.000+-
.874+-

32.305+-
1.097+-
.684+-

32.452+-
20.760+-

2.470 
15.863 

.411 
3. 063 
1.043 
.624 

4.842 
. 195 
,051 
.031 
.049 

4,019 
, 046 

1.646 
.351 
.073 

22.317 
.519 

2.223 
.604 
.048 
. 164 
. 117 
.090 
.557 
.273 
.156 
. 164 
.213 

2.073 
.694 

1.235 
7.661 
1.071 

PERCE 

,366+-
6.726+-
.107+-

1.1S5+-
.000+-
.316+-

2.566+-
.211+-
.021+-
.023+-
.046+-

4.734+-
.033+-

1.925+-
.370+-
.000+-

26.237+-
.452+-
.326+-
.000+-
.006+-
.000+-
.000+-
.019+-
.000+-
.000+-
.000+-
.000+-
.052+-

1.923+-
.06S+-
.041+-

1.932+-
1.236+-

NT 

. 147 

.945 

.025 

. 182 

. 062 
,037 
.239 
.012 
, 00.3 
. 002 
. 003 
,241 
, 003 
.099 
,021 
. 004 

1. .333 
.031 
1 "Trt 

.0.36 

. 003 

.010 

.007 

.005 

.033 

.016 

.009 

.010 

.013 

.124 

.041 

.074 

.456 

.064 



~ ^ — * i f i n n j i ' i ^ ^ 

1 9 9 / 2 0 - 0 0 : PROTOCOL: SA 

SAMPLE I D : NEA-015 
PARTICLE S I Z E : C 
ANALYSIS I D : MM922 
ARSENIC KITCHEN 
EXPOSED AREA: 6 . 6 0 SQUARE CM 
MASS OF DEPOSIT: 4 9 7 1 . + - 1 0 . MICROGRAMS 

ELEMENT UG/CM2 

AL 
S I 
P 
S 
CL 
K 
CA 
T I 
V 
CR 
MN 
FE 
N I 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
I N 
SN 
SB 
BA 
LA 
HG 
PB 

4 . 5 9 8 4 + -
3 4 . 1 6 8 8 + -

. 6 3 6 8 + -

. 0 0 0 0 + -

. 0 0 0 0 + -
2 . 1 6 5 2 + -

1 2 . 6 9 7 3 + -
1 . 1 6 6 2 + -

. 1 2 9 0 + -
. 1 9 0 0 + -
, 3 3 0 5 + -

4 3 . 7 0 6 4 + -
. 3 0 8 0 + -

1 6 . 9 2 0 7 + -
3 . 9 5 8 5 + -

. 0 0 0 0 + -
1 5 5 . 9 3 5 1 + -

. 4 5 0 9 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 2 2 S + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 3 4 6 8 + -
. 0 0 0 0 + -
. 2 3 8 7 + -
. 5 7 8 2 + -
. 0 0 0 0 + -
. 8 4 4 1 + -

1 1 . 6 6 5 1 + -
. 0 0 0 0 + -
. 4 2 1 0 + -

2 . 5 5 8 6 + -
2 1 . 2 0 9 2 + -

. 9 1 3 4 
4 . 7 9 7 7 

. 1 4 4 0 
2 . 2 3 7 5 

. 3 6 6 3 
. 2 5 0 7 

1 . 4 2 4 4 
. 0 6 1 4 
. 0 1 5 1 
. 0 1 1 6 
. 0 1 8 3 

2 . 2 0 0 2 
. 0 1 7 7 
. 8 5 6 5 
. 2 1 2 6 
- 0 6 5 7 

7 . 9 4 7 7 
. 0 6 9 2 
. 6 6 2 1 
. 1 8 0 1 
. 0 1 1 4 
. 0 8 1 7 
. 0 3 9 8 
. 0 3 0 6 
. 4 5 9 1 
. 1 5 9 5 
. 1 1 2 0 
. 0 4 0 2 
. 0 7 9 8 
. 6 9 3 2 
, 1 1 9 4 
, 2 1 6 0 
, 9 1 7 3 

1 . 0 7 8 7 

UG/FILTER 

3 0 . 3 5 0 + -
2 2 5 . 5 1 4 + -

4 . 2 0 3 + -
. 0 0 0 + -
. 0 0 0 + -

1 4 , 2 9 0 + -
8 3 . 8 0 2 + -

7 . 6 9 7 + -
, 8 5 1 + -

1 . 2 5 4 + -
2 . 1 S 1 + -

2 8 8 . 4 6 2 + -
2 . 0 3 3 + -

1 1 1 . 6 7 7 + -
2 6 . 1 2 6 + -

. 0 0 0 + -
1 0 2 9 . 1 7 2 + -

2 . 9 7 6 + -
. 0 0 0 + -
. 0 0 0 + -
. 1 5 0 + -
. 0 0 0 + -
. 0 0 0 + -

2 - 2 8 9 + -
. 0 0 0 + -

1 - 5 7 5 + -
3 . 8 1 6 + -

- 0 0 0 + -
5 . 5 7 1 + -

7 6 . 9 9 0 + -
. 0 0 0 + -

2 . 7 7 9 + -
1 6 . 8 8 7 + -

1 3 9 . 9 8 1 + -

6 . 0 2 9 
3 1 . 6 6 5 

. 9 5 0 
1 4 . 7 6 8 

2 . 4 1 8 
1 , 6 5 5 
9 . 4 0 1 

. 405 

. 1 0 0 
. 0 7 7 
. 1 2 1 

1 4 . 5 2 1 
. 1 1 7 

5 . 6 5 3 
1 .403 

. 4 3 4 
5 2 . 4 5 5 

. 4 5 7 
4 . 3 7 0 
1 .189 

. 0 7 5 
. 5 3 9 
. 2 6 3 
. 2 0 2 

3 . 0 3 0 
1 . 0 5 3 

. 7 3 9 
. 2 6 5 
. 5 2 7 

4 . 5 7 5 
. 7 8 8 

1 .426 
6 . 0 5 4 
7 . 1 1 9 

PERCENT -

. 6 1 1 + -
4 . S 3 7 + -

. 0 S 5 + -

. 0 0 0 + -

. 0 0 0 + -

. 2 S 7 + -
1 , 6 8 6 + -

, 1 5 5 + -
. 0 1 7 + -
. 0 2 5 + -
. 0 4 4 + -

5 . 8 0 3 + -
. 0 4 1 + -

2 . 2 4 7 + -
. 5 2 6 + -
. 0 0 0 + -

2 0 , 7 0 4 + -
. 0 6 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 3 + -
. 0 0 0 + -
. 0 0 0 + -
, 0 4 6 + -
. 0 0 0 + -
. 0 3 2 + -
, 0 7 7 + -
. 0 0 0 + -
, 1 1 2 + -

1 . 5 4 9 + -
. 0 0 0 + -
. 0 5 6 + -
. 3 4 0 + -

2 . 8 1 6 + -

. 1 2 1 

. 6 3 7 

. 0 1 9 

. 2 9 7 

. 0 4 9 

. 0 3 3 

. 139 
.. 0 0 3 
. 0 0 2 
. 0 0 2 
- 0 0 2 

. 0 0 2 

. 1 1 4 

. 0 2 8 

. 0 0 9 
1 . 0 5 6 

. 0 0 9 
. 0 8 8 
. 0 2 4 
. 0 0 2 
. 0 1 1 
. 0 0 5 
. 0 0 4 
. 0 6 1 
. 0 2 1 
. 0 1 5 
. 0 0 5 
. O i l 
. 0 9 2 
. 0 1 6 
. 0 2 9 
. 1 2 2 
. 1 4 3 



\ 

199/20-004 PROTOCOL: 3 SA 

SAMPLE ID: NEA-016 
PARTICLE SIZE: C 
ANALYSIS ID: MM952 
GODFREY ROASTER - N. 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 1441.+- 10. MICROGRAMS 

ELEMENT UG/CM2 

AL 
SI 
P 
3 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS . 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

6.7617+-
24.6552+-

.2767+-
2.6425+-
.0000+-

1,3296+-
7.2295+-
,6584+-
,0473+-
, 066.3+-
.1522+-

12..3051+-
.0706+-

3.2137+-
1.0465+-
.0294+-

31.5525+-
.2768+-
.0000+-
.0000+-
.0000+-
.0000+-
.0037+-
.0235+-
.0000+-
.0852+-
.0737+-
.0000+-
.1854+-

3,3673+-
.1011+-
,0317+-

1.17438+-
2.6437+-

. 9006 
3,4598 
.0631 
. 4046 
.1443 
.1523 
.8118 
. 0358 
. 0035 
.0051 
.0092 
.6217 
.0054 
.1642 
. 0560 
. 0092 

1.5993 
.0236 
.1515 
.0411 
.0043 
.0139 
.0147 
.0100 
.0275 
.0181 
.0180 
,0198 
,0258 
.2287 
.0859 
.1531 
.3158 

-̂ , 1367 

UG/FILTER 

44.627+-
162.724+-

1.826+-
17.440+-

.000+-
8,775+-

47,714+-
4,345+-
,312+-
.433+-

1.005+-
81.214+-

.466+-
21.210+-
6.907+-
.194+-

208,246+-
1,327+-
.000+-
.000+-
.000+-
.000+-
.024+-
.155+-
.000+-
.562+-
.486+-
.000+-

1.224+-
22.224+-

.667+-

.209+-
7.727+-
17.448+-

5.944 
22,334 

,417 
2.670 
,953 

1,009 
5,358 
.236 
. 056 
, 034 
.061 

4, 103 
, 036 

1.084 
.370 
.061 

10,555 
, 156 

1, 000 
.271 
.028 
.092 
.097 
.066 
.182 
.119 
.119 
. 131 
.170 

1.509 
.567 

1.010 
2.084 
.902 

PERCENT 

3,097+-
11,292+-

,127+-
1,210+-
,000+-
,609+-

3.311+-
.302+-
.022+-
,030+-
.070+-

5.6.36+-
.032+-

1.472+-
,479+-
,013+-

14,452+-
.127+-
. 000+-
.000+-
.000+-
,000+-
.002+-
.011+-
.000+-
.039+-
.034+-
.000+-
.085+-

1.542+-
.046+-
,015+-
.536+-

1.211+-

.413 
1,537 
. 029 
. 186 
.066 
. 070 
.373 
. 017 
. 004 
. 002 
. 004 
.237 
, 002 
,076 
.026 
. 004 
.739 
,011 
.069 
,019 
,002 
,006 
.007 
.005 
.013 
.008 
.003 
.009 
.012 
, 105 
.039 
.070 
.145 
.063 



199/20-004 PROTOCOL: SA 

SAMPLE ID: NEA-017 
PARTICLE SIZE: C 
ANALYSIS ID: MM936 
GODFREY ROASTER - CENTER AREA 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 1313.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 
S 
CL-
K 
CA 
TI -
V 
CR 
MN 
FE . 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

IT UG/CM2 

3.3649+-
18.3895+-

.1952+-
1-. 9588+-
.0000+-
.9462+-

5.2231+-
,4734+-
.0450+-
.0448+-
.0991+-

10.5570+-
.0623+-

2.2330+-
.4461+-
.0397+-

48. 16.33+-
,1693+-
.1430+-
.0000+-
.0000+-
.0000+-
.0169+-
.0365+-
,0000+-
.0000+-
.0405+-
.0000+-
.0000+-

3.1976+-
.1940+-
.1466+-
.9806+-

1.8717+-

.4705 
2.5808 
. 0446 
.2969 
.1409 
.1098 
.5871 
.0267 
.0069. 
.0039 
.0064 
. 5339 
. 0050 
.1146 
. 0259 
.0071 

2.4333 
.0199 
.2199 
,0597 
.0570 
.0162 
.0136 
.0093 
.0497 
.0253 
.0183 
.0167 
.0239 
.2347 
.0833 
.1450 
.3002 

^. 0975 

UG/FILTER 

22.208+-
121.371+-

1.288+-
12.928+-

.000+-
6.245+-

34.472+-
3.157+-
.297+-
.296+-
.654+-

69.676+-
.411+-

14.738+-
2.944+-
.262+-

317.87S+-
1.117+-
.944+-
.000+-
.000+-
.000+-
.112+-
.241+-
.000+-
.000+-
.267+-
.000+-
.000+-

21.104+-
1.280+-
.968+-

6.472+-
12.353+-

3.105 
17.033 

.295 
1.960 
.930 
.725 

3.875 
.176 
.046 
.026 
.042 

3.524 
.033 
.756 
.171 
.047 

16.060 
.131 

1.451 
.394 
.376 
,107 
.090 
.061 
.328 
.167 
,121 
.110 
.158 

1.549 
.550 
.957 

1.981 
.643 

PERCENT 

1.691+-
9.244+-
.098+-
.985+-
.000+-
.476+-

2.625+-
.240+-
.023+-
.023+-
.050+-

5.307+-
.031+-

1.122+-
.224+-
.020+-

24.210+-
.085+-
.072+-
,000+-
.000+-
.000+-
.008+-
,018+-
.000+-
.000+-
.020+-
.000+-
,000+-

1.607+-
.098+-
.074+-
.493+-
.941+-

,237 
1.299 
.022 
.149 
.071 
.055 
.296 
.014 
.003 
.002 
. 003 
.271 
.003 
.058 
.013 
.004 

1.237 
.010 
. Ill 
.030 
.029 
.008 
.007 
.005 
.025 
.013 
.009 
.008 
.012 
.119-
.042 
.073 
.151 
.050 



199/20-007 PROTOCOL: SA 

SAMPLE ID: NEA-013 
PARTICLE SIZE: C 
ANALYSIS ID: MN376 
ENGINEERING WAREHOUSE 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 6 2 4 . + - 1 0 . MICROGRAMS 

ELEMENT 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 

. LA 
HG 
PB 

UG/CM2 

3.5250+-
11,9624+-

,1251+-
,7959+-
.0039+-
.6416+-

2,5185+-
.3514+-
,0416+-
.0337+-
.0833+-

5.7230+-
.0376+-

1.5990+-
.4305+-
.0099+-

3,3506+-
.1454+-
.0795+-
.0000+-
.0339+-
.0259+-
.0000+-
.0000+-
.0000+-
.0000+-
.0648+-
.0293+-
.0000+-
.7095+-
.0000+-
.0000+-
.5270+-
1.4804+-

.4679 
1.6802 
.0289 
. 1751 
,0305 
. 0753 
.2341 
.0203 
. 0058 
. 0036 
. 0057 
.2911 
. 0037 
.0826 
.0243 
. 0054 
.4298 
. 0087 
.0417 
•.0114 
.0035 
,0067 
.0150 
. 0095 
.0115 
,0137 
.0171 
.0203 
.0249 
.0852 
.0927 
.1668 
.1067 
. 0777 

UG/FILTER 

23.265+-
78.952+-

.326+-
5.253+-
.026+-

4.235+-
16.622+-
2,319+-
.275+-
,255+-
,550+-

•37.305+-
.248+-

10.553+-
2.841+-
.065+-

55.114+-
.960+-
.525+-
.000+-
.224+-
.171+-
.000+-
.000+-
.000+-
.000+-
.428+-
.193+-
.000+-

4.683+-
.000+-
.000+-

3.478+-
9.771+-

3.038 
11.039 

.191 
1. 155 
.202 
.497 

1.875 
. 134 
. 033 
.024 
.038 

1,921 
.024 
.545 
.160 
.0.36 

2.837 
.057 
.275 
.075 
.023 
.044 
.099 
.063 
.076 
.090 
.113 
.134 
.164 
.562 
.612 

1.101 
.704 
.513 

PERCENT 

3.72S+-
12,653+-

,132+-
.342+-
.004+-
.679+-

2.664+-
. .372+-
.044+-
.041+-
.088+-

6.053+-
.040+-

1,691+-
.455+-
.010+-

3.832+-
,154+-
,084+-
.000+-
,036+-
,027+-
,000+-
.000+-
.000+-
.000+-
.069+-
.031+-
.000+-
.750+-
.000+-
.000+-
.557+-

1.566+-

.498 
1.789 
.031 
. 136 
. 032 
. 030 
. 304 
. 022 
. 006 
. 004 
. (506 

. 004 

.091 

.027 

. 006 

.476 

.010 

.044 

.012 

.004 

.007 

.016 

.010 

.012 

.014 

.018 

.021 

.026 

.091 
,098 
.176 
.113 
.086 



199/20-002 PROTOCOL: SA 

SAMPLE ID: NEA-019 
PARTICLE SIZE: C 
ANALYSIS ID: MM924 
N. COOLING POND 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 2610.+- 10. MICROGRAMS 

ELEMENT UG/CM2 

AL 
SI 
P 
S " 
CL " 
K 
CA 
TI 
V 
CR ^ 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

21.9904+-
55.7467+-
5.0S01+-
1.5310+-
.0000+-

2.9466+-
14.4946+-
1.1104+-
.0902+-
.1905+-
.1980+-

14.8929+-
.0360+-

5.5213+-
,2578+-
.0000+-

8.S304+-
.1423+-
.1375+-
.0000+-
.0855+-
.0000+-
.0000+-
.0000+-
.0000+-
.1066+-
.0000+-
.0000+-
.2019+-
.S359+-

2.4471+-
.1337+-
.5473+-

1,6751+-

2.9034 
7.3260 
1.1372 
.2625 
.2765 
.3344 
1.6256 
. 0839 
.0276 
.0118 
.0118 
.7513 
.0063 
.2807 
.0273 
.0062 
.4555 
.0117 
.0467 
.0129 
.0077 
.0077 
.0184 
.0113 
.0135 
.0194 
.0179 
.0222 
.0289 
.0742 
.2131 
.1939 
.1389 
.. 0876 

UG/FILTER 

145.137+-
367.92S+-
33.529+-
10.105+-

.000+-
19.448+-
95.664+-
7.329+-
.595+-

1.257+-
1.307+-

98.293+-
.568+-

36.441+-
1.701+-
.000+-

53.231+-
.939+-
.908+-
.000+-
.564+-
.000+-
.000+-
.000+-
.000+-
.704+-
.000+-
.000+-

1.333+-
3.537+-
16.151+-

.8S2+-
3.612+-

11.056+-

19.162 
51.652 
7.505 
1.732 
1.825 
2.207 
10,729 

.554 

.182 

.078 

.078 
4.962 
.042 

1.853 
. 180 
.041 

.3. 006 
.077 
.308 
.085 
.051 
.051 
.121 
.075 
.089 
.128 
. 118 
.147 
.191 
.490 

1.406 
1.280 
.917 
.578 

PERCENT :..: 

5.561+-
14.097+-
1.285+-
.3S7+-
.000+-
.745+-

3.665+-
.281+-
.023+-
.048+-
.050+-

3.766+-
.022+-

1.396+-
.065+-
.000+-

2.233+-
.036+-
.035+-
.000+-
.022+-
.000+-
.000+-
.000+-
.000+-
.027+-
.000+-
.000+-
.051+-
.136+-
.619+-
.034+-
.138+-
.424+-

.735 
1.980 
.288 
,066 
.070 
,085 
.411 
.021 
.007 
.003 
.003 
.191 
.002 
.071 
.007 
.002 
. 116 
.003 
.012 
.003 
.002 
.002 
.005 
.003 
.003 
.005 
.005 
.006 
.007 
.019 
.054 
.049 
.035 
.022 



199/20-002 PROTOCOL: SA 

SAMPLE ID: NEA-020 
PARTICLE SIZE: C 
ANALYSIS ID: MM926 
COOLING POND 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 1436.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 
3 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

T U6/CM2 

19.3819+-
26.9996+-
5.1403+-
.9767+-
.0000+-

1,8926+-
13.1541+-

.6313+-

.0657+-

.1747+-

.1364+-
7,3626+-
.0725+-

6.2340+-
.1450+-
.0000+-
1.3653+-
,0631+-
,0296+-
.0000+-
.1102+-
.0000+-
.0000+-
.0000+-
.0177+-
.0721+-
,0000+-
.0000+-
.0522+-
,1731+-
.6859+-
.0000+-
.1120+-

1.2043+-

2.6246 
3.7910 
1.1506 
. 1774 
,1992 
.2164 
1.4755 
. 0493 
.0169 
,0107 
. 0038 
. 3934 
. 0057 
.3167 
. 0274 
. 0048 
. 1150 
.0059 
.0108 
.0041 
. 0079 
.0061 
.0195 
.0119 
.0130 
.0188 
.0194 
. 0252 
.0299 
.0679 
.1391 
.2051 
. 0322 

,. .0639 

UG/FILTER 

131.220+-
178.19S+-
33.926+-
6.446+-
.000+-

12.491+-
86,317+-
4,167+-
.434+-

1.153+-
.900+-

51.393+-
.478+-

41.144+-
.957+-
.000+-

12.311+-
.416+-
.195+-
.000+-
.727+-
.000+-
.000+-
.000+-
.117+-
.476+-
.000+-
.000+-
.345+-

1.142+-
4.527+-
.000+-
.739+-

7.948+-

17.322 
25.021 
7.594 
1.171 
1,315 
1.428 
9.738 
.329 
. 112 
.071 
.053 

2.629 
.038 

2.090 
.181 
.032 
.759 
.039 
.071 
.027 
.052 
. 040 
.129 
.079 
.086 
.124 
.128 
.166 
.197 
.448 
.918 

1.354 
.213 
.422 

PERCENT 

8.330+-
11.992+-
2,233+-
.434+-
,000+-
,341+-

5.842+-
.2S0+-
.029+-
.073+-
.061+-

3.492+-
.032+-

2,769+-
.064+-
.000+-
.823+-
.023+-
,013+-
,000+-
.049+-
.000+-
.000+-
,000+-
,008+-
.032+-
.000+-
,000+-
.023+-
.077+-
.305+-
.000+-
.050+-
,535+-

1. 167 
1.636 
.511 
.079 
.038 
. 096 
,656 
. 022 
. OOS 
.005 
. 004 
. 179 
, 003 
. 142 
.012 
.002 
.051 
,003 
.005 
.002 
.004 
.003 
.009 
.005 
.006 
.003 
.009 
.011 
.013 
.030 
.062 
.091 
.014 
.029 



.\~ 

199/20-004 PROTOCOL: SA 

SAMPLE ID: NEA-021 
PARTICLE SIZE: C 
ANALYSIS ID: MM938 
PARKING LOT N. OF ADMINISTRATION BUILDING 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 517.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

T UG/CM 

4.5726+-
13.9494+-

.5247+-

.5558+-

.0438+-

.6319+-
1.9614+-
.3702+-
.0373+-
.0578+-
.0781+-

4.5721+-
.0506+-

1.6913+-
.1241+-
.0080+-

1.3513+-
.0185+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0134+-
.0238+-
.0216+-
.0000+-
.0132+-
.0473+-
.1700+-
.3060+-
.0268+-
1.0123+-

2 

.6051 
1,9579 
,1179 
,1297 
,0255 
.0796 
.2217 
.0212 
.0058 
.0045 
.0054 
.2330 
.0043 
. 0872 
.0108 
. 0040 
.0881 
.0025 
.0082 
.0030 
.0030 
.0047 
.0123 
.0081 
.0090 
.0119 
.0126 
.0175 
,0197 
,0455 
,0850 
.1530 
.0122 
. 0540 

UG/FILTER 

30.179+-
92.066+-
3. 463+-
3.663+-
.289+-

4.501+-
12.945+-
2.443+-
.249+-
.381+-
.515+-

30.176+-
•.334+-

11.163+-
.819+-
.053+-

8.919+-
.122+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.088+-
.157+-
.143+-
.000+-
.087+-
.312+-

1.122+-
2.020+-
.177+-

6.681+-

3.994 
12.922 

.778 

.856 

.168 

.526 
1.463 
. 140 
.038 
.030 
, 036 

1.538 
.028 
.576 
.071 
.026 
.581 
.016 
.054 
.020 
.020 
.031 
.081 
.053 
.059 
.079 
.083 
.115 
.130 
.300 
.561 

1.010 
.081 
.356 

PERCE 

5.837+-
17.808+-

.670+-
,710+-
.056+-
.871+-

2.504+-
.473+-
,048+-
.074+-
.ioo+-

5.337+-
.065+-

2.159+-
.158+^ 
.010+-

1.725+-
.024+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.017+-
.030+-
.028+-
.000+-
.017+-
.060+-
.217+-
.391+-
.034+-

1.292+-

:NT 

.781 
2.523 
.151 
.166 
.033 
.103 
.287 
,029 
.007 
.006 
.007 
.318 
.006 
.119 
.014 
.005 
. 117 
. 003 
.010 
.004 
.004 
.006 
.016 
.010 
.011 
.015 
.016 
.022 
.025 
.058 
.109 
.195 
,016 
.073 



199/20-002 PROTOCOL: 3 SA 

SAMPLE ID: NE.A-022 
PARTICLE SIZE: C 
ANALYSIS ID: MM923 
ROADWAY N. OF POWER HOUSE 
EXPOSED AREA: 6.60 SQUARE CM 
MASS OF DEPOSIT: 329.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UG/CM2 

4.1536+-
14.0962+-

.6299+-
1.6949+-
.0000+-
.6304+-

15.4016+-
.3003+-
.0296+-
,0544+-
.0734+-

6.4690+-
.0713+-

3.S692+-
.2974+-
.0000+-

2.4465+-
.0183+-
.0059+-
.0000+-
.0361+-
.0000+-
.0000+-
.0000+-
.0185+-
.0398+-
.0562+-
.0000+-
.0474+-

2.0006+-
.1101+-
.0366+-
.0576+-

1.0695+-

.5501 
1.9797 
, 1424 
, 2302 
, 3084 
. 0779 
1.7271 
.0177 
. 0050 
. 004-3 
. 0052 
.3234 
. 0055 
. 1321 
. 0224 
. 0044 
. 1371 
. 0036 
,0121 
.0040 
. 0039 
. 0052 
.0138 
.0099 
.0100 
.0149 
.0160 
,0188 
. 0237 
, 1670 
.0873 
.1553 
.0210 

,.0569 

UG/FIL 

27.413+-
93.035+-
4,157+-

11,136+-
.000+-

4,160+-
101.650+-

1.982+-
.195+-
.359+-
,484+-

42,695+-
.471+-

23.557+-
1.963+-
,000+-

16,147+-
.121+-
,039+-
.000+-
.238+-
.000+-
.000+-
.000+-
.122+-
.263+-
.371+-
.000+-
.313+-

13.204+-
.727+-
.242+-
.380+-

7.059+-

TER 

3,631 
13.066 

.940 
1.519 
2.035 
,514 

11.399 
. 117 
. 033 
. 028 
. 034 

2. 167 
,036 

1,202 
.148 
,029 
. 905 . 
.024 
. 080 
.026 
.026 
.034 
.091 
.065 
,066 
,098 
. 106 
.124 
. 156 

1. 102 
.b/6 

1.025 
. 139 
.376 

PERCENT 

3,307+-
11.223+-

.501+-
1.349+-
.000+-
.502+-

12.262+-
,239+-
.024+-
,043+-
.053+-

5.150+-
.057+-

2,842+-
.237+-
.000+-

1.943+-
.015+-
.005+-
.000+-
.029+-
.000+-
.000+-
.000+-
.015+-
.032+-
.045+-
.000+-
.038+-

1.593+-
.088+-
.029+-
.046+-
,851+-

,440 
1.582 
.114 
.134 
,246 
,062 

1.333 
.014 
. 004 
. 00.3 
. 004 
.269 
. 004 
.149 
.013 
.004 
. 112 
. 003 
.010 
. 003 
.003 
,004 
,011 
. 003 
,008 
,012 
.013 
.015 
.019 
.134 
.070 
.124 
.017 
.046 



199/20-005 PROTOCOL: 3 SA 

SAMPLE ID: NEA-001 
PARTICLE SIZE: T 
ANALYSIS ID: MM963 
N. SIDE OF STORAGE TANKS 
EXPOSED AREA: 12.80 SQUARE CM 
MASS OF DEPOSIT: 1566.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 
S 
CL- -
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB , 
BA 
LA 
HG 
PB 

T UG/C 

1.9402+-
7.7932+-
.1256+-

2.017S+-
.0152+-
.3909+-

2.7437+-
.2235+-
.0323+-
.0707+-
.0763+-

11.3008+-
.0480+-

5.5942+-
.3832+-
.0000+-

2.5582+-
.0000+-
.0000+-
,0000+-
,0156+-
,0000+-
.0000+-
.0459+-
.0000+-
'ioooo+-
'wOOOO+-
.0000+-
.0785+-
i2648+-

-'̂ ';:iii3+-:: 
• .l'booo+-
.0000+-' 

1.73'67+-

M2 

.2588 
1.0951 
.0289 
.2905 
.0347 
.0473 
.3093 
. 0137 
. 0045 
.0052 
.0054 
.5713 
. 0042 
.2844 
.0313 
.0062 
.1597 
.0027 
.0123 
.0039 
.0026 
.0067 
.0123 
.0091 
. 0089 
.0112 
.0134 
.0169 
.0227 

- .0527 
; .0775 
: 1349 
.0098 

^.0907 

UG/FILTER^ 

24.835+-
99.753+-
1.608+-

25.828+-
.195+-

5.003+-
35.119+-
2.861+-
.420+-
.905+-
.977+-

144.650+-
.614+-

71.606+-
4.905+-
.000+-

32.745+-
.000+-
.000+-
.000+-
.200+-
.000+-
.000+-
.588+-
.000+-

• .000+-
.000+-
.000+-

1,005+-
3.389+-
1.425+-
.000+-
.000+-

22.230+-

3.312 
14.017 

.370 
3.718 
.444 
.605 

3.959 
.175 
. 058 
.067 
.069 

7.313 
.054 

3,640 
.401 
.079 

2.044 
. 035 
.157 
.050 
.033 
.086 
.157 
.116 
.114 
.143 . 
.172 
.216 
.291 
.675 
.992 

1.727 
.125 

1,161 

PERCE 

1.586+-
6.370+-
.103+-

1.649+-
.012+-
.319+-

2.243+-
.183+-
,027+-
.058+-
.062+-

9.237+-
.039+-

4.573+-
.313+-
.000+-

2.091+-
.000+-
.000+-
.000+-
.013+-
.000+-
.000+-
.038+-
.000+-
.000+-
.000+-
.000+-
.064+-
.216+-
.091+-
.000+-
.000+-

1.420+-

NT 

.212 

.896 
,024 
.238 
.028 
.039 
.253 
.011 
,004 
.004 
.004 
.471 
.003 
.234 
.026 
.005 
. 131 
.002 
,010 
,003 
,002 
,005 
.010 
.007 
.007 
.009 
.011 
.014 
.019 
.043 
.063 
.110 
.008 
.075 

m--i 
'Viir-^;, 

'::^'^>,'^'^'-i^.\^:"i: 

^:rr^'-^"^v^ 



199/20-006 PROTOCOL: SA 

SAMPLE ID: NEA-002 
PARTICLE SIZE: T 
ANALYSIS ID: MM965 
N. SIDE OF PLATE TREATER 
EXPOSED AREA: 12.80 SQUARE CM 
MASS OF DEPOSIT: 2892.+- 10. MICROGRAMS 

ELEMEN1 

AL 
SI 
P 
3 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 

. SB 
BA 
LA 
HG 
PB 

UG/CM2 

2.7020+-
11.6302+-

,2973+-
2,3657+-
,0000+-
.6131+-

14.4634+-
.4227+-
.04S7+-
.1739+-
,1708+-

25.3659+-
.1441+-

14.3156+-
.9339+-
.0435+-

9.1920+-
.0000+-
.0000+-
.0000+-
.0237+-
.0000+-
.0000+-
.0853+-
.0000+-
.1536+-
. 1^84+-
.0000+-
.3509+-

1.3487+-
.1767+-
.3071+-
.0462+-

11.1345+-

.3617 
1.6333 
. 0689 

1.1207 
. 1343 
,0761 
1,6221 
, 0239 
. 0067 
.0105 
,0104 

1,3034 
, 0093 
,7502 
. 0793 
. 0345 
.7482 
. 0081 
.0413 
.0122 
.0057 
. 0367 
.0241 
.0134 
.0179 
.0204 
.0243 
.0238 
.0374 
.1258 
.1071 
.1943 
.0231 

^.5675 

UG/FILTER 

34.586+-
148.367+-

3,811+-
30,230+-

.000+-
7,347+-

135,131+-
5.411+-
.623+-

2,226+-
2,136+-

331.084+-
1,344+-

189.640+-
12.594+-

.557+-
117.658+-

.000+-

.000+-

.000+-

.303+-

.000+-

.000+-
1.092+-
.000+-

1.966+-
2.028+-
.000+-

4.492+-
17.263+-
2.262+-
3.931+-
.591+-

142.522+-

4.629 
20.912 

,332 
14.345 
2,360 
.974 

20,763 
.306 
,036 
, 134 
, 13.3 

16,634 
, 119 

9.603 
1,015 
.442 

9.577 
. 104 
.529 
.156 
.073 
.470 
.308 
.172 
.229 
.261 
.311 
.305 
.479 

1.610 
1.371 
2.487 
.296 

7.264 

PERCE 

1,196+-
5,14S+-
,132+-

1,047+-
.000+-
.271+-

6,401+-
,137+-
.022+-
,077+-
.076+-

11.44B+-
.064+-

6,557+-
,435+-
,019+-

4,068+-
.000+-
.000+-
.000+-
.010+-
.000+-
.000+-
.038+-
.000+-
.068+-
.070+-
.000+-
.155+-
.597+-
.078+-
.136+-
.020+-

4.928+-

NT 

. 160 

.723 

. 030 
,496 
,032 
. 034 
.718 
.011 
. 003 
. 005 
. 005 
.578 
, 004 
• •̂*'̂-̂* 
. 035 
,015 
,331 
. 004 
.018 
.005 
,003 
,016 
.011 
.006 
.008 
.009 
.011 
.011 
,017 
.056 
.047 
.086 
.010 
.252 



^ •iltam^im^iitm 

1 9 9 / 2 0 - 0 0 5 PROTOCOL: SA 

SAMPLE I D : NEA-003-
PARTICLE S I Z E : T 
ANALYSIS I D : MM953 
REVERB FURNACE 
EXPOSED AREA: 1 2 , 8 0 SQUARE CM 
MASS OF DEPOSIT: 9 7 4 2 . + - 1 0 . MICROGRAMS 

.EME 

AL 
S I 
P 
S 
CL 
K 
CA 
T I 
V 
CR 
MN 
FE 
N I 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
I N 
SN 
SB 
BA 
LA 
HG 
PB 

MT UG/CM2 

9 . 9 5 9 2 + -
4 0 . 1 0 0 9 + -

1 , 8 9 5 1 + -
2 4 , 4 9 3 4 + -

. 0 0 0 0 + -
2 . 9 2 2 8 + -

1 6 . 3 5 1 8 + -
1 . 4 2 9 4 + -

. 2 2 2 7 + -
. 9 7 7 7 + -
. 7 2 6 1 + -

1 2 7 . 7 8 6 2 + -
. 8 2 9 5 + -

1 0 9 . 0 3 9 6 + -
8 . 4 2 7 5 + -

. 0 0 0 0 + -
6 5 . 1 7 2 6 + -

. 0 6 5 5 + -
. 0 0 0 0 + -
, 0 0 0 0 + -
, 0 2 3 6 + -
. 0 0 0 0 + -
. 0 3 9 5 + -
. 4 7 3 9 + -
. 0 0 0 0 + -

. •'. 4 4 7 6 + -
. 5 1 9 3 + -
. 1 6 8 7 + -

1 . 5 1 6 0 + -
9 . 9 9 4 Q + -

. 7 1 5 8 + - , 
. 0 0 0 0 + -
. 3 5 9 2 + -

2 6 . 8 2 4 1 + -

1 . 4 1 3 2 
5 . 6 3 0 5 

. 4 2 5 4 
4 . 4 6 4 1 

. 5 6 6 7 
. 3 3 4 1 

1 . 8 3 3 9 
. 0 8 2 5 
. 0 2 4 5 
. 0 5 1 2 
. 0 3 9 7 

6 . 4 2 6 7 
. 0 4 4 2 

5 , 5 0 9 6 
, 6 1 3 0 
. 0 8 3 5 

3 . 5 7 9 2 
, 0 3 3 6 
. 2 7 5 4 
, 0 7 5 4 
. 0 1 1 8 
. 0 8 9 2 
, 0 4 6 8 
, 0 4 0 6 
. 1 2 4 3 
. 0 8 1 6 
. 0 8 1 5 
. 0 3 9 8 
. 1 1 0 5 
• .6018 

i^'^lZZA 
^^vi972 

.1796 
J . 3 6 3 7 

UG/FILTER 

127,478+-
513 ,292+ -

2 4 . 2 5 7 + -
313 .515+ -

. 0 0 0 + -
3 7 . 4 1 2 + -

209 .303+-
.18 .296+-

2 . 8 5 1 + -
. 12 ,515+-

9 . 2 9 4 + -
1635.663+-

10 .618+-
1395.707+-

107 .872+-
. 0 0 0 + -

834 .209+-
. 8 3 8 + -
. 0 0 0 + -
. 0 0 0 + -
. 3 0 2 + -
. 0 0 0 + -
. 5 0 6 + -

6 . 0 6 6 + -
. 0 0 0 + -

5 . 7 2 9 + -
6 . 6 4 7 + -
2 . 1 5 9 + -

191405+-
127.933+-
• 9 . 1 6 2 + -

. 0 0 0 + -
4 . 5 9 8 + -

343 .348+ -

18.090 
7 2 . 0 7 1 

5 .445 
5 7 . 1 4 1 

7 ,254 
4 .277 

23 .474 
1.056 

.314 

.655 

.508 
8 2 . 2 6 2 

.566 
70 .523 

7 .846 
1.069 

45 .814 
.430 

3 .525 
.965 
.151 

1.142 
.599 
.520 

1.591 
1.044 
1.043 

.509 
1.414 

V7.703 
; 1 . 7 0 8 
:2 .524 
2 .299 

17.455 

PERCENT _ : 

1 .309+-
5 . 2 6 9 + -

. 2 4 9 + -
3 . 2 1 8 + -

. 0 0 0 + -

. 3 8 4 + -
2 . 1 4 8 + -

. 1 8 8 + -

. 0 2 9 + -

. 1 2 8 + -

. 0 9 5 + -
1 6 . 7 9 0 + -

. 1 0 9 + -
1 4 . 3 2 7 + -

1 .107+-
. 0 0 0 + -

8 . 5 6 3 + -
. 0 0 9 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 3 + -
. 0 0 0 + -
. 0 0 5 + -
. 0 6 2 + -
. 0 0 0 + -
. 0 5 9 + -
. 0 6 8 + -
. 0 7 7 + -
. 1 9 9 + -

1 .313+-
. 0 9 4 + -
. 0 0 0 + -
. 0 4 7 + -

3 . 5 2 4 + -

.186 

.740 
-056 
.587 
.074 
.044 
.241 
. 011 
.003 
.007 
.005 
.845 
.006 
.724 
. 081 
. 011 
.470 
.004 
.036 
.010 
.002 
.012 
. 006 
.005 
. 0 1 6 
. 0 1 1 
. 011 
.005 
. 0 1 5 
. 079 
. 0 1 8 
. 026 
.024 
. 179 



199/20-005 PROTOCOL: SA 

SAMPLE ID: NEA-004 
PARTICLE SIZE: T 
ANALYSIS ID: MM954 
REFINERY #1 - N.W. END 
EXPOSED AREA: 12.30 SQUARE CM 
MASS OF DEPOSIT: 3433.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

IT UG/CM2 

3.0305+-
10,4456+-

.2603+-
3,3461+-
.0000+-
,3938+-

56.4915+-
,2764+-
.0245+-
.0537+-
.0813+-

9.0371+-
.2084+-

5.4546+-
.5738+-
.0155+-

5.3573+-
.0022+-
.0000+-
.0000+-
.0976+-
.0000+-
.0000+-
.0537+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
1.5274+-
.1076+-
.2377+-
.0Q00+-

2.7420+-

.4101 
1.4675 
. 0323 
.9356 
. 5946 
, 0955 

6,3296 
,0165 
- 0046 
. 0046 
. 0057 
, 4600 
,0126 
.2773 
.0381 
.0092 
.3079 
. 0040 
.0256 
. 0073 
. 0062 
.0101 
.0149 
.0104 
.0112 
.0192 
.0167 
.0184 
.0246 
. 1348 
.0842 
.1543 
.0119 

^.1417 

UG/FILTER 

39.430+-
133.703+-

3.332+-
106,330+-

.000+-
5.041+-

723.092+-
3.538+-
.314+-
.751+-

1.047+-
116.315+-

2.668+-
69.319+-
7.345+-
.198+-

68.580+-
.028+-
.000+-
.000+-

1.249+-
.000+-
.000+-
.687+-
.000+-
.000+-
.000+-
.000+-
.000+-

19.551+-
1.3/7+-
3.043+-
,000+-

35.098+-

5.250 
18.734 
1. 053 

12.615 
7,611 
1.223 

81.019 
.211 
.059 
.059 
.073 

5.833 
, 161 

3.549 
.488 
.118 

3.941 
.051 
.328 
.093 
.079 
.129 
.191 
.133 
.143 
.246 
.214 
.236 
.315 

1.725 
1,078 
1,975 
.152 

1.814 

PERCENT 

1.149+-
3.895+-
.097+-

3.112+-
.000+-
.147+-

21.063+-
.103+-
.009+-
.022+-
.030+-

3.383+-
.078+-

2,0.34+-
.214+-
,006+-

1,998+-
.001+-
.000+-
.000+-
. 036+-
.000+-
.000+-
.020+-
.000+-
.000+-
.000+-
.000+-
.000+-
.569+-
.040+-
,089+-
.000+-
1.022+-

. 153 

.547 

.031 
> Ooo 
,222 
.036 

2.361 
. 006 
. 002 
. 002 
. 002 
.172 
, 005 
. 104 
.014 
.003 
.115 
. 001 
.010 
.003 
.002 
.004 
.006 
.004 
.004 
.007 
.006 
. 007 
.009 
.050 
.031 
.058 
.004 
.053 



PROTOCOL: 3 SA 199/20-005 

SAMPLE ID: NEA-004 
PARTICLE SIZE: T 
ANALYSIS ID: MM955 
REFINERY #1 - N.W. END 
EXPOSED AREA: 12.80 SQUARE CM 
MASS OF DEPOSIT: 6525.+- 10. MICROGRAMS 

K^/>i/<:ATF 

^: . : j 

EME 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

MT UG/CM2 

4.6707+-
15.2673+-

.3166+-
- 11.8317+-

.0000+-

.5067+-
101.7108+-

.3S37+-

.0435+-

.0822+-

.1122+-
13.8727+-

.3120+-
7.8383+-
.8717+-
.0000+-

7,5225+-
.0000+-
.0000+-
.0000+-
.1858+-
.0000+-
,0000+-
,0622+-
.0000+-
.2046+-
.0516+-
.0000+-
.1732+-

2.8046+-
.1444+-
.3397+-
.0Q00+-

3.7402+-

.6214 
2.1446 
.1289 
1.3972 
.1055 
, 1592 

11.3947 
.0219 
. 0062 
.0058 
. 0073 
.7005 
.0179 
.3978 
.0559 
.0123 
.4290 
.0049 
.0350 
.0099 
.0105 
,0133 
.0189 
.0118 
.0141 
.0257 
.0220 
.0201 
.0289 
.1867 
. 0952 

- .1749 
.0168 

^.1923 

UG/FILTER 

59.785+-
195.421+-

4.052+-
151.445+-

.000+-
6.485+-

7.954 
27.451 
1.650 

17,884 
1.351 
2.038 

1301.898+-145.852 
4.911+-
.557+-

1.052+-
1.436+-

177.571+-
3.994+-

100.330+-
11.15B+-

.000+-
96.288+-

.000+-

.000+-

.000+-
2.37S+-
.000+-
.000+-
.796+-
.000+-

2.619+-
.660+-
.000+-

2.217+-
35.899+-
1.B48+-
4.348+-
.000+-

47.875+-

.280 

.079 

.074 

.093 
8.966 
.229 

5.092 
.716 
,157 

5.491 
.063 
.448 
,127 
,134 
,170 
.242 
.151 
.180 
.329 
.282 
.257 
.370 

2,390 
1.219 
2.239 
.215 

2.461 

PERCENT 

.916+-
2.995+-
.062+-

2.321+-
.000+-
.099+-

19.952+-
.075+-
.009+-
.016+-
.022+-

2.721+-
.061+-

1.538+-
.171+-
.000+-

1.476+-
.000+-
.000+-
.000+-
.036+-
.000+-
.000+-
.012+-
.000+-
.040+-
,010+-
.000+-
.034+-
.550+-
.02B+-
.067+-
.000+-
.734+-

.122 

.421 

.025 

.274 

.021 

.031 
2.235 
.004 
..001 
.001 
.001 
.137 
.004 
.078 
.011 
.002 
.084 
.001 
.007 
.002 
.002 
.003 
.004 
.002 
.003 
.005 
.004 
.004 
.006 
.037 
,019 
.034 
.003 
,038 



1 9 9 / 2 0 - 0 0 6 PROTOCOL: 3 SA 

SAMPLE I D : NEA-005 
PARTICLE S I Z E : T 
ANALYSIS I D : MM970 
S . END OF REFINERY #3 
EXPOSED AREA: 1 2 . 3 0 SQUARE CM 
MASS OF DEPOSIT: 1 0 . 3 7 . + - 1 0 , MICROGRAMS 

EMEN 

AL 
S I 
P 
S 
CL 
K 
CA 
T I 
V 
CR 
MN 
FE 
N I 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
I N 
SN 
SB 
BA 
LA 
HG 
PB 

T UG/Cr' 

3 , 9 0 9 7 + -
1 0 . 1 4 6 1 + -

. 1 9 3 2 + -
1 . 4 6 0 0 + -

. 0 6 1 3 + -

. 4 3 9 3 + -
4 , 3 7 6 4 + -

, 2 9 1 6 + -
, 0 2 9 4 + -
. 0 5 6 2 + -
. 0 7 2 6 + -

5 , 7 3 3 4 + -
. 1 9 0 1 + -

3 . 6 8 7 5 + -
. 2 4 5 5 + -
. 0 0 0 0 + -

2 . 0 8 3 9 + -
. 0 1 4 4 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 1 3 7 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 1 3 0 2 + -
. 0 2 7 5 + -
. 0 2 3 9 + -
. 0 6 2 9 + -
. 7 1 7 0 + -
. 0 0 0 0 + -
. 1 1 8 7 + -
. 0 0 0 0 + -

1 . 1 2 8 3 + -

12 

. 5 1 8 2 
1 . 4 2 5 2 

. 0 4 4 2 
. 2 1 0 4 
. 0300 
. 0532 
. 4 9 2 2 
. 0 1 7 3 
. 0 0 5 0 
. 0046 
. 0 0 5 4 
. 2 9 3 9 
. 0 1 1 7 
. 1 8 3 1 
. 0 2 1 0 
. 0 0 4 5 
. 1 2 2 3 
. 0 0 3 1 
. 0 1 0 4 
. 0 0 4 1 
. 0 0 3 8 
. 0 0 5 8 
. 0 1 6 3 
. 0 1 2 2 
. 0 1 1 5 
. 0 1 9 8 
. 0 1 7 9 
. 0 2 3 6 
. 0 2 9 3 
. 0 9 1 6 
. 1 1 0 2 
. 2 0 7 0 
. 0 0 8 3 

^ , 0 6 0 1 

UG/F ILTER 

5 0 . 0 4 4 + -
1 2 9 . 8 7 1 + -

2 . 4 7 3 + -
1 3 . 6 3 3 + -

. 7 9 1 + -
5 . 6 2 3 + -

5 6 . 0 1 8 + -
3 . 7 3 2 + -

, 3 7 6 + -
. 7 1 9 + -
. 9 2 9 + -

7 4 . 0 2 3 + -
2 . 4 3 3 + -

4 7 . 2 0 0 + -
3 . 1 4 2 + -

. 0 0 0 + -
2 6 . 6 7 4 + -

. 1 3 4 + -

. 0 0 0 + -

. 0 0 0 + -
. 1 7 5 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -

1 . 6 6 7 + -
. 3 5 2 + -
. 3 0 6 + -
. 8 0 5 + -

9 . 1 7 8 + -
. 0 0 0 + -

1 . 5 1 9 + -
. 0 0 0 + -

1 4 . 4 4 2 + -

O > Ow^^ 

13.243 
.566 

2 . 6 9 3 
a O O ^ 

. 6 3 1 
6 . 3 0 0 

. 2 2 1 
. 0 6 4 
, 0 5 9 
, 0 6 9 

3 . 7 6 2 
. 150 

2 . 4 0 8 
. 2 6 9 
. 0 5 8 

1 . 5 6 5 
. 0 4 0 
. 133 
i 0 5 2 
. 0 4 9 
. 0 7 4 
. 2 0 9 
. 1 5 6 
- 1 4 7 
. 2 5 3 
. 2 2 9 
. 3 0 2 
. 3 7 5 

1 . 1 7 2 
1 . 4 1 1 
2 . 6 5 0 

. 1 0 6 

. 7 6 9 

PERCENT 

4 . 8 2 6 + -
1 2 . 5 2 4 + -

. 2 3 8 + -
1 . 8 0 2 + -

. 0 7 6 + -

. 5 4 2 + -
5 , 4 0 2 + -

, 3 6 0 + -
, 0 3 6 + -
. 0 6 9 + -
. 0 9 0 + -

7 . 1 3 9 + -
. 2 3 5 + -

4 , 5 5 2 + -
. 3 0 3 + -
. 0 0 0 + -

2 . 5 7 2 + -
. 0 1 8 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 1 7 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 1 6 1 + -
. 0 3 4 + -
. 0 3 0 + -
. 0 7 8 + -
. 8 8 5 + -
. 0 0 0 + -
. 1 4 7 + -
, 0 0 0 + -

1 . 3 9 3 + -

. 6 4 1 
1 .763 

. 0 5 5 
. 260 
. 037 
. 0 6 6 
. 6 1 0 
. 022 
. 006 
. 006 
. 007 
. 3 6 9 
. 0 1 5 
. 2 3 6 
, 0 2 6 
. 006 
. 1 5 3 
. 004 
, 0 1 3 
. 0 0 5 
. 005 
. 0 0 7 
. 0 2 0 
. 0 1 5 
. 0 1 4 
. 0 2 4 
. 0 2 2 
. 0 2 9 
. 0 3 6 
. 1 1 3 
. 1 3 6 
. 2 5 6 
. 0 1 0 
. 0 7 5 



'-•"---wth-j; 

199/20-006 PROTOCOL: SA 

SAMPLE ID: NEA-006 
PARTICLE SIZE: T 
ANALYSIS ID: MM971 
N. SIDE OF HERSHEKOFF ROASTERS 
EXPOSED AREA; 12.80 SQUARE CM 
MASS OF DEPOSIT: 2781.+- 10. MICROGRAMS 

ELEMENT UG/CM2 

AL 
SI 
P 
S 
CL^ 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

3,1418+-
9.5139+-
.3561+-

5..0966+-
.0426+-
.6893+-

10.9255+-
.5344+-
.0933+-
.2011+-
.2765+-

46.0401+-
.1326+-

10.9549+-
.8140+-
.0000+-

9.0330+-
.0000+-
.0000+-
.0000+-
.0444+-
.0000+-
.0150+-
.0917+-
.0000+-
.0000+-
.0848+-
,0000+-
.1953+-
1.2415+-
.1675+-
. 1272+-. 
,0051+-

5.2686+-

.4195 
1.3368 
.0812 
.7886 
.0956 
.0828 

1.2258 
.0295 
.0091 
.0119 
.0157 

2.3175 
.0037 
.5552 
.0619 
.0169 
.5348 
. 0058 
. 0403 
.0114 
.0044 
.0180 
.0175 
.0134 
.0140 
.0176 
,0195 
.0216 
.0333 
.1121 
.1033 

• .1841 
.0247 

^.2699 

UG/FILTER 

40.215+-
121.778+-
4,557+-

65.237+-
.546+-

8.824+-
139.846+-

6.840+-
1.194+-
2.574+-
3.539+-

589,313+-
1.697+-

140.223+-
10.419+-

.000+-
115.622+-

.000+-

.000+-

.000+-
,568+-
.000+-
.192+-

1.174+-
.000+-
.000+-

1.085+-
.000+-

2.500+-
15.891+-
2.144+-
1.628+-
.065+-

67. 4.38+-

5.369 
17.111 
1.039 

10.095 
1.223 
1.060 

15.690 
.378 
.116 
. 152 
.201 

29.664 
.111 

7.107 
.792 
.216 

6.845 
.074 
.516 
.146 
.056 
.230 
.224 
.172 
.179 
.225 
.250 
.276 
.426 

1.435 
1.322 
2.356 
.316 

3,455 

PERCENT 

1.446+-
4.379+-
.164+-

2.346+-
.020+-
.317+-

5,029+-
.246+-
.043+-
.093+-
.127+-

21.191+-
.061+-

5.042+-
.375+-
.000+-

4.15B+-
,000+-
.000+-
.000+-
.020+-
.000+-
.007+-
.042+-
.000+-
.000+-
.039+-
.000+-
.090+-
.571+-
.077+-
.059+-
.002+-

2.425+-

.193 

.615 

.037 

.363 

.044 

.038 

.564 

.014 

.004 

.005 

.007 
1.069 
.004 
.256 
.029 
.003 
.247 
. 003 
.019 
.005 
.002 
.008 
.008 
.006 
.006 
.008 
.009 
.010 
.015 
.052 
.048 
.085 
,011 
.125 



199/20-005 PROTOCOL: SA 

SAMPLE ID: NEA-007 
PARTICLE SIZE: T 
ANALYSIS ID: MM956 
REFINERY #1 - S. END 
EXPOSED AREA: 12,80 SQUARE CM 
MASS OF DEPOSIT: 2182.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

U6/CM2 

2.0371+-
8.5141+-
.2492+-

3.8211+-
.0000+-
,4670+-

1S.4550+-
.3734+-
.04O1+-
,1186+-
.1215+-

16.1343+-
.2402+-

9.3744+-
.6581+-
.0000+-

7.0474+-
.0628+-
.0143+-
.0000+-
.0375+-
.0000+-
.0000+-
.0417+-
.0000+-
.4519+-
.0000+-
.0000+-
.0000+-
1.5809+-
.1660+-
.0000+-
.0000+-

2.8208+-

.2731 
1.1963 
.0584 
.5183 
.2279 
.0611 

1.7331 
.0216 
. 0060 
. 0076 
.0078 
.8142 
.0142 
.4753 
.0519 
.0097 
.3867 
,0080 
.0327 
.0091 
.0036 
.0104 
.0136 
.0099 
.0110 
.0390 
.0191 
.0186 
.0278 
,13b3 
.0855 
.1464 
.0167 

^.1457 

UG/FILTER 

26.075+-
108.981+-
3.189+-
43.910+-

.000+-
5.977+-

197.824+-
4.844+-
.513+-

1,518+-
1.555+-

206.525+-
3.075+-

119,992+-
8.424+-
.000+-

90.207+-
.804+-
.183+-
.000+-
.480+-
.000+-
.000+-
.534+-
.000+-

5.784+-
.000+-
.000+-
.000+-

20.236+-
2.125+-
.000+-
.000+-

36.106+-

3.496 
15.313 

.748 
6.634 
2.918 
.732 

22.134 
.276 
.077 
.097 
. 100 

10.422 
. 132 

6.084 
,664 
. 124 

4.950 
. 102 
.419 
. 116 
.046 
. 133 
. 174 
.127 
.141 
.499 
.244 
.238 
.356 

1.732 
1.094 
1.874 
.214 

1.865 

PERCENT 

1.195+-
4.995+-
.146+-

2.242+-
.000+-
.274+-

9.066+-
,222+-
.024+-
,070+-
.071+-

9.465+-
.141+-

5.499+-
.386+-
.000+-

4.134+-
.037+-
.008+-
.000+-
.022+-
.000+-
.000+-
.024+-
..000+-
.265+-
.000+-
.000+-
.000+-
.927+-
.097+-
.000+-
.000+-

1.655+-

.160 

.702 
,034 
.304 
. 134 
,036 

1,013 
,013 
. 004 
.004 
,005 
.480 
.008 
. 280 
. 030 
,006 
.228 
.005 
.019 
.005 
.002 
.006 
.008 
.006 
.006 
.023 
.011 
.011 
.016 
' ,079 
,050 
, 086 
,010 
.086 



199/20-006 PROTOCOL: 3 SA 

SAMPLE ID: NEA-008 
PARTICLE SIZE: T 
ANALYSIS ID: MM972 
CENTRAL CHANGE 
EXPOSED AREA: 12.80 SQUARE CM 
MASS OF DEPOSIT: 1195.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 
S..-
CL . 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

T UG/CM 

2.2784+-
6.9899+-
.1762+-

1.3912+-
.0000+-
.3679+-

3. 6523+-
.2490+-
.0374+-
.1149+-
.0724+-

8.301S+-
.1029+-

7.1597+-
.3436+-
.0000+-

3.2314+-
.0129+-
.0000+-
.0000+-
.0239+-
.0000+-
.0000+-
.0230+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.3305+-
.1377+-
.0000+-
.0Q00+-

1.4179+- , 

. 3034 

.9823 

. 0404 

.2177 

.1701 

.0451 

.4111 

.0151 
,0050 
.0075 
.0055 
. 4205 
.0072 
. 3635 
.0352 
. 0054 
. 1808 
.0036 
.0152 
.0049 
.0035 
.0064 
.0161 
.0115 
.0117 
.0157 
.0167 
.0222 
.0282 
.0710 
.1049 
.1857 
.0102 

,.0747 

UG/FILTER 

29.164+-
89.470+-
2.255+-
17.808+-

.000+-
4.709+-

46,750+-
3.187+-
.479+-

1.471+-
- 927+-

106.263+-
1.317+-

91.644+-
4.398+-
.000+-

41.362+-
.165+-
.000+-
.000+-
.306+-
.000+-
.000+-
.294+-
.000+-
.000+-
.000+-
.000+-
.000+-

4.230+-
1.763+-
.000+-
.000+-

18,149+-

3.884 
12.574 

.517 
2.786 
2.177 
.577 

5.262 
, 193 
.064 
.096 
.070 

5.382 
.092 

4.653 
.451 
.069 

2.314 
.046 
.195 
.063 
.045 
.082 
,206 
.147 
,150 
,201 
,214 
.284 
,361 
.909 

1.343 
2.377 
.131 
.956 

PERCENT 

2.440+-
7.487+-
.189+-

1.490+-
.000+-
.394+-

3.912+-
.267+-
.040+-
.123+-
.078+-

8.892+-
.110+-

7.669+-
.368+-
.000+-

3.461+-
.014+-
.000+-
,000+-
.026+-
.000+-
.000+-
.025+-
.000+-
.000+-
.000+-
,000+-
.000+-
.354+-
.147+-
.000+-
.000+-

1.519+-

1,054 
,043 
.2-33 
.182 
.043 
.442 
.016 
.005 
.003 
.006 
.457 
.003 
.395 
,038 
.006 
. 196 
.004 
.016 
.005 
.004 
.007 
.017 
.012 
.013 
.017 
.018 
.024 
,030 
,076 
.112 
.199 
.011 
.081 



.^. 

199/20-006 PROTOCOL: SA 

SAMPLE ID: NEA-009 
PARTICLE SIZE: T 
ANALYSIS ID: MM973 
SURFICIAL DUST SAMPLE 
EXPOSED AREA: 12.80 SQUARE CM 
MASS OF DEPOSIT: 1029.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

T UG/CM2 

4.6775+-
16.6020+-

.1697+-
1.1259+-
.0411+-
.6480+-

2.4774+-
.3435+-
.0303+-
.0544+-
.0SS7+-

8.5059+-
.0391+-

1.2128+-
.2686+-
.0052+-

2.6707+-
.0149+-
.0186+-
.0000+-
.0062+-
.0000+-
.0000+-
.0190+-
.0000+-
,0264+-
.0382+-
.0067+-

..0490+-
,''..;2632+- . 

.1543+-
• .0000+-
. 07.58+-

1.1874+-

.6194 
2.3312 
.0387 
.1311 
.0230 
, 0760 
.2795 
,0199 
.0054 
. 0044 
.0060 
.4303 
. 0038 
.0631 
.0161 
. 0045 
.1500 
.0032 
.0137 
. 0043 
. 0032 
. 0055 
.0152 
.0095 
.0093 
.0132 
.0152 
.0188 
.0245 

v.:;. 0592 
V:-:'0943 
•^1635 
.0284 

^. 0629 

UG/FILTER 

59.872+-
212.506+-

2.172+-
14.412+-

.526+-
8.294+-

31.711+-
4,397+-
.388+-
.696+-

1.1.35+-
108.376+-

.500+-
15.524+-
3.438+-
.067+-

34.185+-
.191+-
.238+-
.000+-
,079+-
.000+-
.000+-
.243+-
,000+-
.338+-
,489+-
,086+-
,627+-

3,369+-
' .1.975+-

:ooo+-
.970+-

15,199+-

7.929 
29.840 

.496 
2.313 
.353 
.972 

3.573 
.255 
.069 
.056 
.077 

5.514 
.049 
. 308 
. 206 
.053 

1. 920 
.041 
.175 . 
.055 
.041 
.070 
.195 
.122 
.119 
.169 
.195 
.241 
.314 

, . 758 
1.207 
2.093 
.364 
.805 

PERCENT 

5.318+-
20.652+-

,211+-
1,401+-
.051+-
.306+-

3.082+-
,427+-
.033+-
,063+-
.110+-

10,581+-
,049+-

1.509+-
.334+-
.006+-

3.322+-
.019+-
.023+-
.000+-
.008+-
.000+-
.000+-
.024+-
.000+-
.033+-
.048+-
.008+-
,061+-
.327+-
.192+-
.000+-
.094+-

1,477+-

,773 
2,907 
,048 
,226 
.035 
,095 
.349 
.025 
. 007 
. 006 
. OOB 
.546 
. 005 
, 080 
.020 
.006 
. 139 
,004 
.017 
.005 
.004 
.007 
.019 
.012 
.012 
.016 
.019 
.023 
.030 
.074 
.117 
.203 
.0.35 
, 080 
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1 9 9 / 2 0 - 0 0 6 PROTOCOL: 3 SA 

SAMPLE I D : NEA-010 
PARTICLE S I Z E : T 
ANALYSIS I D : MM974 
UPPER STACK AREA 
EXPOSED AREA: 1 2 . 8 0 SQUARE CM 
MASS OF DEPOSIT: 7 0 3 . + - 1 0 . MICROGRAMS 

.EMEN 

AL 
S I 
F-
S 
CL 
K 
CA 
T I 
V 
CR 
MN 
FE 
N I 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
I N 
SN 
SB 
BA 
LA 
HG 
PB 

IT UG/Ct* 

2 . 9 6 2 1 + -
1 1 . 1 8 7 1 + -

. 0 8 2 3 + -
, 2 8 6 3 + -
. 0 0 0 0 + -
. 4 7 3 1 + -

1 . 2 1 9 0 + -
. 2 1 9 6 + -
. 0 1 3 3 + -
. 0 5 1 6 + -
. 0 5 9 3 + -

3 . 5 7 1 7 + -
, 0 3 9 2 + -
. 4 3 0 9 + -
. 0 6 4 5 + -
. 0 0 0 0 + -

4 , 1 6 2 8 + -
, 0 0 7 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 3 6 2 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
, 0 0 0 0 + -
. 0 3 8 5 + -
. 2 4 1 2 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 6 6 5 + -
. 2 8 4 8 + -

2 

. 3 9 3 4 
1 . 5 7 1 3 

. 0 1 9 3 

. 0 6 0 5 
. 0 6 1 7 
. 0 5 6 2 
. 1 3 8 6 
. 0 1 3 6 
. 0 0 3 8 
. 0 0 4 2 
. 0 0 4 6 
. 1 8 2 7 
. 0 0 3 8 
. 0 2 3 6 
. 0 0 5 3 
. 0 0 1 8 
. 2 1 1 8 
. 0 0 2 4 
. 0 2 0 1 
. 0 0 5 8 
. 0 0 2 9 
. 0 0 3 8 
. 0 1 3 2 
. 0 0 9 9 
. 0 1 0 4 
. 0 1 3 3 
. 0 1 4 8 
, 0 1 8 2 
. 0 2 3 1 
. 0 5 7 1 
. 0 8 7 8 
. 1 6 0 4 
. 0 2 2 6 

^ . 0 1 7 6 

UG/F ILTER 

3 7 . 9 1 4 + -
1 4 3 . 1 9 5 + -

1 . 0 5 4 + -
3 . 6 6 4 + -

. 0 0 0 + -
6 . 0 5 5 + -

1 5 . 6 0 4 + -
2 , 8 1 1 + -

. 1 7 0 + -

. 6 6 0 + -

. 7 5 9 + -
4 5 . 7 1 8 + -

. 5 0 2 + -
5 , 5 1 6 + -

. 8 2 6 + -

. 0 0 0 + -
5 3 . 2 S 4 + -

. 0 9 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -

. . 4 6 3 + -
. . 0 0 0 + -

. 0 0 0 + -

. 0 0 0 + -

. 0 0 0 + -

. 4 9 3 + -
3 . 0 8 7 + -

. 0 0 0 + -

. 0 0 0 + -

. 8 5 1 + -
3 . 6 4 5 + -

5 . 0 3 5 
2 0 . 1 1 3 

. 2 4 7 
. 7 7 5 
. 7 8 9 
. 7 2 0 

1 . 7 7 4 
. 1 7 4 
. 0 4 9 
. 0 5 4 
. 0 5 9 

2 . 3 3 9 
. 0 4 9 
. 3 0 2 
. 0 6 8 
. 0 2 3 

2 . 7 1 1 
. 0 3 1 
. 2 5 7 
. 0 7 4 
. 0 3 7 
. 0 4 9 
- 1 6 9 
. 1 2 7 
. 1 3 3 
. 1 7 0 
. 189 
. 2 3 3 
. 2 9 6 
. 7 3 1 

1 . 1 2 4 
2 . 0 5 3 

. 2 8 9 
, 2 2 5 

PERCENT -

5 . 3 9 3 + -
2 0 . 3 6 9 + -

. 1 5 0 + -

. 5 2 1 + -

. 0 0 0 + -

. 8 6 1 + -
2 . 2 2 0 + -

. 4 0 0 + -

. 0 2 4 + -
. 0 9 4 + -
. 1 0 8 + -

6 . 5 0 3 + -
. 0 7 1 + -
. 7 8 5 + -
. 1 1 7 + -
. 0 0 0 + -

7 . 5 7 9 + -
. 0 1 3 + -
. 0 0 0 + -
. 0 0 0 + -
, 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 6 6 + -
. 0 0 0 + -
, 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 7 0 + -
. 4 3 9 + -
. 0 O 0 + -
. 0 0 0 + -
. 1 2 1 + -
. 5 1 9 + -

, 7 2 0 
2 . 8 7 6 

. 0 3 5 

. 1 1 0 
. 1 1 2 
, 103 
. 2 5 4 
, 0 2 5 
. 0 0 7 
. 0 0 8 
. 0 0 9 
. 3 4 5 
. 0 0 7 
. 0 4 4 
. 0 1 0 
. 0 0 3 
. 4 0 0 
. 0 0 4 
. 0 3 7 
. 0 1 1 
. 0 0 5 
. 0 0 7 
. 0 2 4 
. 0 1 8 
. 0 1 9 
. 0 2 4 
. 0 2 7 
. 0 3 3 
. 0 4 2 
. 1 0 4 
. 1 6 0 
, 2 9 2 
. 0 4 1 
. 0 3 3 



199/20-006 PROTOCOL: SA 

SAMPLE ID: NE.A-Oll 
PARTICLE SIZE: T 
ANALYSIS ID: MM964 
N. SIDE - UPPER STACK AREA 
EXPOSED AREA: 12.80 SQUARE CM 
MASS OF DEPOSIT: 2067,+- 10. MICROGRAMS 

EMEN 

AL 
31 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

T UG/C^ 

6.7723+-
21.8463+-

.2003+-

.5721+-

.0000+-

.9783+-
8.8597+-
.5376+-
.0374+-
.0511+-
.1239+-

9.5066+-
.0404+-

1.2643+-
.6703+-
.0067+-

3.2593+-
.0116+-
.0177+-
.0000+-
.0531+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.1721+-

2.0901+-
.0000+-

'.0000+-
.0Q78+-

1.5552+-

12 

.3959 
3.0674 
. 0466 
. 1793 
. 1680 
.1139 
.9944 
. 0322 
, 0077 
. 0044 
.0081 
.4311 
, 0039 
.0657 
. 0.353 
.0057 
.1352 
.0034 
.0163 
.0052 
. 0046 
.0068 
.0164 
.0115 
.0125 
.0150 
.0175 
.0224 
.0292 
.1457 
.1065 
.1918 
.0306 

,^.0816 

UG/FILTER 

86.635+-
279,639+-

2.564+-
7.323+-
.000+-

12.522+-
113,404+-
7.521+-
.479+-
.654+-

1.650+-
121.634+-

.517+-
16.1S9+-
8.5S6+-
.086+-

41.719+-
.148+-
.227+-
.000+-
.680+-
.000+-
.obo+-
.000+-
.000+-
.000+-
.000+-
.000+-

2.203+-
26.7S3+-

.000+-

.000+-
1.124+-

19.907+-

11,467 
39.262 

,596 
2.295 
2. 150 
1.457 
12.723 

.412 

.099 

.056 
, 104 

6. 153 
. 050 
.841 
.458 
.073 

2.371 
. 044 
.209 
.067 
.059 
.087 
.210 
. 147 
.160 
.192 
.224 
.287 
.374 

1.865 
1.363 
2.455 
.392 

1.044 

PERCENT 

4. 194+-
13.529+-

.124+-

. .354+-

.000+-

.606+-
5.4S6+-
.364+-
,023+-
. 0.32+-
.080+-

5.SS7+-
.025+-
.7S3+-
,415+-
.004+-

2.018+-
.007+-
,011+-
.000+-
.033+-
,000+-
,000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.107+-

1.294+-
.000+-
.000+-
.054+-
.963+-

,555 
1.901 
.029 
. Ill 
, 104 
.071 
.616 
. 020 
. 005 
. 003 
. 005 
.299 
. 002 
.041 
,022 
. 004 
.115 
. 002 
.010 
.003 
.003 
,004 
.010 
.007 
.008 
.009 
.011 
.014 
.018 
.090 
.066 
.119 
.019 
.051 



199/20-005 PROTOCOL: SA 

SAMPLE ID: NEA-012 
PARTICLE SIZE: T 
ANALYSIS ID: MM957 
N.W. SIDE - UPPER STACK AREA 
EXPOSED AREA: 12.80 SQUARE CM 
MASS OF DEPOSIT: 2175.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

JT UG/CM2 

5.5219+-
18.9193+-

.3195+-

.0000+-

.0000+-
1.0536+-
4.5117+-
,5103+-
.0437+-
.0472+-
.1157+-

12.7499+-
.0485+-

2.2537+-
1.3763+-
,0207+-

10.S136+-
.0000+-
.0000+-
.0000+-
.0404+-
.0000+-
.0126+-
.0000+-
.0000+-
.0000+-
.1473+-
.0000+-
.1144+-

1.2147+-
: .0000+-

.1861+-

. 11.50+-
8.2736+-

.7321 
2.6565 
.0722 
.7813 
.1331 
.1217 
.5074 
. 0283 
.0071 
.0040 
.0073 
...6441 
.0042 
.1157 
.0716 
.0258 
.6992 
. 0072 
.0518 
.0144 
.0082 
.0275 
-0174 
.0078 
.0128 
.0126 
.0206 
.0154 
.0276 
.1003 
.0742 
.1263 
.0632 

^.4223 

UG/FILTER 

70.680+-
242.167+-

4.090+-
,000+-
,000+-

13,487+-
57.749+-
6.532+-
,559+-
.604+-

1.481+-
163.199+-

.621+-
28.847+-
17.617+-

.265+-
138.414+-

.000+-

.000+-
,000+-
-517+-
.000+-
.161+-
.000+-

. .000+-
.000+-

1,885+-
.000+-

1.464+-
15.548+-

,000+-
2.382+-
1.472+-

105,902+-

9,372 
34.004 

.925 
10.001 
1.704 
1.558 
6.494 
.362 
.091 
.051 
.093 

8.244 
.054 

1.481 
.916 
.330 

8.950 
.092 
.663 
.184 
.105 
.352 
.223 
.100 
.164 
.161 
.264 
.197 
.353 

1.284 
.950 

1.617 
.809 

5.405 

PERCENT:.: 

3.250+-
11.134+-

.188+-

.000+-

.000+-

.620+-
2.655+-
.300+-
.026+-
.023+-
.068+-

7.503+-
.029+-
1.326+-
.810+-
.012+-

6.364+-
.000+-
.000+-
.000+-
.024+-
.000+-
-007+-
.000+-
.000+-
.000+-
.087+-
.000+-
.067+-

- .715+-
.000+-
.110+-
.068+-

4,869+-

.431 
1,564 
,043 
,460 
.078 
.072 
.299 
.017 
.004 
.002 
.004 
.381 
.002 
.068 
,042 
,015 
.413 
.004 
.030 
.008 
.005 
.016 
-010 
.005 
.008 
.007 
.012 
.009 
.016 
.059 
.044 
.074 
.037 
.250 



199/20-006 PROTOCOL: SA 

SAMPLE ID: NEA-013 
PARTICLE SIZE: T 
ANALYSIS ID: MM969 
N.E. SIDE - UPPER STACK AREA 
EXPOSED AREA: 12.80 SQUARE CM 
MASS OF DEPOSIT: 1291.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
P 

s 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UG/CN 

4.6959+-
16,0335+-

.1410+-

.9843+-
,0240+-
,6454+-

3,2778+-
,2956+-
.0250+-
.0237+-
,0695+-

5.0930+-
.0200+-
.6209+-
,3002+-
.0034+-

2.3654+-
.0064+-
.0239+-
.0000+-
.0294+-
.0113+-
.0169+-
.0224+-
.0000+-
.0285+-
.0358+-
.0410+-
.0416+-
,2317+-
,0000+-
,0000+-
.0113+-

1.4147+-

12 

.6219 
2.2585 
, 0326 
, 1385 
.0319 
. 0758 
,3692 
.0175 
. 0049 
,0032 
.0051 
,2592 
. 0023 
. 0332 
.0170 
.0051 
.1422 
. 0032 
.0127 
.0044 
.0038 
.0064 
.0160 
.0112 
.0107 
.0151 
.0179 
.0232 
.0276 
.0653 
.1062 
.1911 
.0205 

^.0745 

UG/FILTER 

60.108+-
205,368+-

1.805+-
12.599+-

.307+-
8,261+-

41.955+-
3,734+-
,320+-
,367+-
.890+-

65.190+-
,256+-

7,948+-
3,843+-
.044+-

30.277+-
.082+-
.306+-
.000+-
.376+-
.145+-
.216+-
.287+-
.000+-
.365+-
.458+-
.525+-
.532+-

2.966+-
.000+-
.000+-
.145+-

18.108+-

7.961 
28.909 

,417 
2.413 
.409 
.971 

4.725 
.224 
. 063 
.041 
.065 

3.313 
.036 
.425 
.218 
.065 

1.820 
,041 
.163 
,056 
,049 
.082 
,205 
.143 
.137 
,193 
.229 
.297 
,353 
.836 

1.359 
2.446 
-262 
,954 

PERCENT 

4.656+-
15.946+-

.140+-

.976+-

.024+-

.640+-
3.250+-
.293+-
.025+-
.023+-
.069+-

5.050+-
.020+-
.616+-
.298+-
.003+-

2.345+-
.006+-
.024+-
.000+-
.029+-
.011+-
.017+-
.022+-
.000+-
.028+-
.035+-
.041+-
.041+-
.230+-
.000+-
.000+-
.011+-

1.403+-

.613 
2.243 
. 032 
. 137 
.032 
.075 
. 367 
.017 
. 005 
. 003 
. 005 
. 260 
, 003 
. 033 
.017 
. 005 
,142 
. 00.3 
,013 
. 004 
,004 
. 006 
.016 
.011 
.011 
.015 
.018 
.023 
.027 
.065 
.105 
.189 
.020 
,075 



199/20-005 PROTOCOL: 3 SA 

SAMPLE ID: NEA-014 
PARTICLE SIZE: T 
ANALYSIS ID: MM958 
GODFREY ROASTER 
EXPOSED AREA: 12.80 SQUARE CM 
MASS OF DEPOSIT: 2054.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P " 

s -
CL -
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

JT UG/CM2 

.4220+-
8.4673+-
.1450+-

1,1977+-
.0491+-
.4203+-

3.4302+-
.3293+-
.0292+-
.0400+-
.0767+-

9.2747+-
.0682+-

3.9512+-
.6944+-
.0000+-

50.1358+-
.7307+-
,5172+-
,0000+-
.0092+-
.0000+-
,0000+-
.0589+-
,0000+-
,0000+-
.0589+-
.0000+-
.0000+-

3.1172+-
.1785+-
.2794+-

2.8141+-
2.1775+-

.1976 
1.1897 
.0333 
.2568 
.0425 
.0511 
.3862 
.0191 
.0052 
.0036 
.0054 
.4694 
. 0053 
.2014 
.0402 
.0081 

2.5334 
.0513 
.2474 
.0671 
.0046 
.0180 
.0139 
.0105 
.0525 
.0281 
.0189 
.0194 
.0266 
.2085 
.0872 
.1568 
,9191 

v.. 1131 

UG/FILTER 

5.402+-
108.382+-

1.856+-
15.331+-

.628+-
5.380+-

43.907+-
4.215+-
.374+-
.512+-
.982+-

118.716+-
.873+-

50.5/5+-
8.888+-
.000+-

641.738+-
9.353+-
6.620+-
.000+-
.118+-
.000+-
,000+-
,754+-
.000+-
.000+-
.754+-
.000+-
.000+-

39.900+-
2,285+-
3.576+-

36.020+-
27-872+-

2.529 
15.229 

.426 
3.287 
.543 
.654 

4.944 
.244 
,067 
.046 
.069 

6.008 
.068 

2,578 
.515 
.104 

32.428 
,657 

3.167 
.859 
.059 
.230 
.178 
.134 
.672 
.360 
.242 
.248 
.340 

2.669 
1.116 
2.007 

11.764 
1.448 

PERCENT -

.263+-
5.277+-
.090+-
.746+-
.031+-
.262+-

2.13S+-
.205+-
.018+-
.025+-
.048+-

5.780+-
.043+-

2.462+-
.433+-
.000+-

31.243+-
.455+-
.322+-
.000+-
.006+-
.000+-
.000+-
.037+-
.000+-
.000+-
.037+-
.000+-
.000+-

1.943+-
.111+-
,174+-

1,754+-
1,357+-

. 123 

.742 

.021 

. 160 

.026 

.032 

.241 

.012 

.003 

.002 

.003 

.294 

.003 

. 126 

.025 

.005 
1.586 
. 032 
.154 
,042 
,003 
,011 
,009 
.007 
,033 
,018 
.012 
.012 
.017 
.130 
.054 
,098 
.573 
,071 



199/20-005 PROTOCOL: SA 

SAMPLE ID: NEA-015 
PARTICLE SIZE: T 
ANALYSIS ID: MM959 
FLOOR OF ARSENIC KITCHEN 
EXPOSED AREA: 12.80 SQUARE CM 
MASS OF DEPOSIT: 5735.+- 10. MICROGRAMS 

ELEMENT UG/CM2 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 

- AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

1.9319+-
22.7655+-

.3960+-

.0000+-

.0000+-
1.4376+-
3.4405+-
.7133+-
.0757+-
.1606+-
.2613+-

37.9310+-
.2386+-

16.3822+-
3.2990+-
.0000+-

122.3012+-
.2474+-
.0000+-
.0000+-
.0000+-
,0000+-
,0436+-
.2039+-
.0000+-
.0000+-
.3646+-
-0000+-
.4204+-

7.8065+-
.0000+-
.0000+-

1.4163+-
14.79'06+-

.5395 
3,1966 
. 0897 
1,5030 
. 2505 
, 1673 
.9475 
. 0476 
.0148 
,0100 
.0148 
1.9099 
.0141 
.8293 
.1807 
.0462 

6.2459 
. 0472 
.5285 
.1437 
. 1042 
.0596 
-0287 
.0234 
.2785 
.1091 
.0717 
. 0302 
.0584 
.5466 
.1077 
. 1796 
,8139 

^,7530 

UG/FILTER 

24.728+-
291.39S+-

5.068+-
.000+-
.000+-

18.401+-
108.039+-

9.201+-
.969+-

2.. 056+-
3.345+-

435.517+-
3.054+-

209.692+-
42.227+-

.000+-
1571.355+-

3.167+-
,000+-
,000+-
.000+-
.000+-
.558+-

2.610+-
.000+-
.000+-

4.667+-
.000+-

5.381+-
99.923+-

.000+-

.000+-
18.129+-

189.320+-

7.546 
40.917 
1.148 

19,239 
3.206 
2. 141 

12.123 
.609 
.139 
.123 
. 189 

24.447 
.180 

10.615 
2.313 
.591 

79.943 
.604 

6.765 
1.839 
1.334 
.763 
.367 
.300 

3.565 
1.396 
.918 
.387 
.748 

6.996 
1.379 
2.299 

10.418 
9.638 

PERCENT 

.431+-
5.081+-
.083+-
.000+-
.000+-
.321+-

1,884+-
.160+-
.017+-
.036+-
.058+-

S.466+-
.053+-

3,656+-
.736+-
.000+-

27,408+-
,055+-
,000+-
.000+-
.000+-
.000+-
.010+-
.046+-
.000+-
.000+-
.081+-
.000+-
.094+-
1.742+-
.000+-
.000+-
.316+-

3.301+-

.132 

.714 

. 020 
,335 
.056 
,037 
.212 
.011 
. 003 
, 002 
. 003 
.427 
. 003 
. 135 
. 040 
.010 

1. 395 
.011 
. 118 
.032 
.023 
.013 
.006 
.005 
.062 
.024 
.016 
.007 
.013 
.122 
.024 
.040 
.182 
.168 



. J i m f - r t lM l i 

1 9 9 / 2 0 - 0 0 6 . PROTOCOL: 3 SA 

SAMPLE I D : NEA-016 
PARTICLE S I Z E : T 
ANALYSIS I D : MM966 
N. SIDE OF GODFREY ROASTER 
EXPOSED AREA: 1 2 . 8 0 SQUARE CM 
MASS OF DEPOSIT: 3 2 0 7 . + - 1 0 . MICROGRAMS 

ELEMENT UG/CM2 

AL 
S I 
P 
S . . 
CL ^ 
K 
CA 
T I 
V _ 
CR .. 
MN . 
FE 
N I 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
I N 
SN 
SB 
BA 
LA 
HG 
PB . 

7 . 2 4 7 3 + -
2 7 . 1 3 0 9 + -

, 3 0 1 0 + -
2 . 8 9 4 9 + -

. 0 0 0 0 + -
1 . 2 2 4 1 + -
7 . 1 7 9 6 + -

. 6 1 1 1 + -

. 0 4 3 5 + -
, 0 6 6 1 + -
. 1 5 2 0 + -

1 2 . 9 8 0 2 + -
. 0 8 2 4 + -

3 . 6 5 2 2 + -
1 . 0 8 0 3 + -

. 0 0 0 0 + -
3 6 . 0 3 9 7 + -

. 2 7 1 3 + -

. 1 5 1 5 + -

. 0 0 0 0 + -

. 0 6 0 2 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 4 1 9 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 1 1 7 8 + -
. 0 0 0 0 + -
. 0 0 0 0 + -

1 . 3 5 7 1 + -
. 0 0 0 0 + -
. 1 4 3 7 + -

1 . 1 3 2 3 + -
2 . 7 7 8 4 + -

. 9 6 9 7 
3 . 8 1 6 0 

. 0 6 8 4 

. 4 3 5 3 

. 1 1 1 4 

. 1412 
, 3 0 6 2 
. 0 3 3 4 
. 0 0 8 0 
. 0 0 5 1 
. 0 0 9 2 
. 6 5 b / 
. 0 0 6 1 
. 1863 
. 0 5 8 1 
. 0 0 9 8 

1 . 3 2 5 5 
. 0 2 4 4 
. 1 6 7 0 
. 0 4 5 3 
. 0 0 4 7 
. 0 1 5 0 
. 0 1 5 2 
. 0 1 0 8 
. 0 3 3 0 
. 0 2 1 0 
. 0 2 0 6 
. 0 2 1 3 
. 0 2 6 9 
. 2 3 0 7 
. 0 9 3 8 
. 1 6 2 6 
. 3 2 3 1 

^ . 1 4 3 6 

UG/FILTER 

9 2 . 7 6 5 + -
3 4 7 . 9 1 6 + -

3 . 8 5 3 + -
3 7 . 0 5 5 + -

. 0 0 0 + -
1 5 . 6 6 9 + -
9 1 . 8 9 8 + -

7 . 8 2 2 + -
. 5 5 7 + -

. . 8 4 6 + -
1 . 9 4 6 + -

1 6 6 . 1 4 7 + -
1 . 0 5 5 + -

4 6 . 7 4 8 + -
1 3 . 8 2 8 + -

. 0 0 0 + -
4 6 1 . 3 0 8 + -

3 . 4 7 3 + -
1 . 9 3 9 + -

. 0 0 0 + -

. 7 7 1 + -
. 0 0 0 + -
. 0 0 0 + -
. 5 3 6 + -
. 0 0 0 + -
. 0 0 0 + -

1 . S 0 8 + -
. 0 0 0 + -
, 0 0 0 + -

1 7 . 3 7 1 + -
. 0 0 0 + -

1 . 8 3 9 + -
1 4 . 4 9 3 + -
3 5 . 5 6 4 + -

1 2 . 4 1 2 
4 8 . 8 4 5 

. 8 7 6 
5 . 5 7 1 
1 . 426 
1 . 8 0 7 

1 0 . 3 2 0 
. 4 2 3 
. 102 
. 0 6 5 
. 1 1 8 

8 . 3 9 3 
. 0 7 8 

2 . 3 8 5 
. 7 4 4 
. 1 2 5 

2 3 . 3 6 6 
. 3 1 2 

2 . 1 3 8 
. 5 8 0 
. 0 6 0 
. 192 
. 1 9 5 
. 1 3 8 
. 4 2 2 
. 2 6 9 
. 2 6 4 
. 2 7 3 
. 3 4 4 

2 . 9 5 3 
1 . 2 0 1 
2 . 0 8 1 
4 . 1 3 6 
1 -838 

PERCENT . 

2 . 8 9 3 + -
1 0 . 8 4 9 + -

. 1 2 0 + -
1 . 1 5 5 + -

. 0 0 0 + -

. 4 8 9 + -
2 . 8 6 6 + -

. 2 4 4 + -

. 0 1 7 + -

. 0 2 6 + -

. 0 6 1 + -
5 . 1 8 1 + -

. 0 3 3 + -
1 . 4 5 8 + -

. 4 3 1 + -

. 0 0 0 + -
1 4 , 3 8 4 + -

. 1 0 8 + -

. 0 6 0 + -

. 0 0 0 + -

. 0 2 4 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 1 7 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 4 7 + -
. 0 0 0 + -
. 0 0 0 + -
. 5 4 2 + -
. 0 0 0 + -
. 0 5 7 + -
. 4 5 2 + -

1 . 1 0 9 + -

. 3 8 7 
1 . 5 2 3 

. 0 2 7 

. 174 

. 0 4 4 

. 0 5 6 
, 3 2 2 
. 0 1 3 
. 0 0 3 
. 0 0 2 
. 0 0 4 
. 2 6 2 
. 0 0 2 
. 0 7 4 
. 0 2 3 
. 0 0 4 
. 7 3 0 
. 0 1 0 
. 0 6 7 
. 0 1 8 
, 0 0 2 
, 0 0 6 
. 0 0 6 
. 0 0 4 
. 0 1 3 
. 0 0 8 
, 0 0 8 
. 0 0 9 
. 0 1 1 
. 0 9 2 
. 0 3 7 
. 0 6 5 
. 129 
. 0 5 7 

\ . 



199/20-006 PROTOCOL! SA 

SAMPLE ID: NEA-017 
PARTICLE SIZE: T 
ANALYSIS ID: MM967 
CENTER OF GODFREY ROASTER 
EXPOSED AREA: 12.80 SQUARE CM 
MASS OF DEPOSIT: 3253,+- 10. MICROGRAMS 

EMEr 

AL 
SI 
p 

s 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
H6 
PB 

JT UG/CM2 

.3392+-
15.3143+-

.1525+-
1.3610+-
,0000+-
,8117+-

4,5135+-
-4195+-
,0383+-
.0614+-
.1033+-

11.1609+-
.1033+-

2.9715+-
.6538+-
.0000+-

105.7361+-
.1324+-
.0000+-
.0000+-
.0268+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0982+-
.0000+-
.0000+-

3.9747+-
.0000+-
.0669+-

1.0Q49+-
2.0116+-

,3726 
2.1506 
, 0353 
, 2630 
, 1261 
.0949 
.5081 
. 0233 
, 0064 
.0049 
. 0069 
.5642 
. 0075 
.1519 
.0368 
.0089 

5.3372 
.0270 
.4466 
.1213 
.0057 
.0306 
.0185 
.0139 
.1942 
.0755 
.0248 
.0258 
.0334 
.2624 
.1206 
.2116 
.3837 

^.1048 

UG/FILTER 

10.742+-
196.024+-

1.932+-
17.421+-

.000+-
10.390+-
57.336+-
5.370+-
.497+-
.786+-

1,329+-
142.860+-

1.386+-
38.035+-
8.369+-
.000+-

1353.422+-
1.695+-
.000+-
.000+-
.343+-
.000+-
.000+-
.000+-
.000+-
.000+-

1.257+-
.000+-
.000+-

50.876+-
.000+-
.856+-

12.863+-
25.748+-

4-769 
27.528 

.451 
3. 366 
1.614 
1.215 
6.504 
.305 
.032 
.063 
.088 

7.222 
,096 

1,944 
,471 
, 114 

68.316 
.346 

5.716 
1.553 
.073 
.392 
.237 
. 178 

2.486 
.966 
.317 
.330 
.428 

3.359 
1.544 
2.708 
4.911 
1.341 

PERCENT 

.330+-
6,026+-
,060+-
,536+-
,000+-
,319+-

1,778+-
.165+-
.015+-
,024+-
.041+-

4.392+-
.043+-

1.169+-
.257+-
.000+-

41.605+-
.052+-
.000+-
.000+-
.011+-
.000+-
.000+-
.000+-
.000+-
.000+-
.039+-
.000+-
.000+-

1.564+-
.000+-
,026+-
.395+-
,792+-

. 147 

.346 

.014 

. 103 

. 050 

. 037 

. 200 

. 009 

. 003 
,002 
. 003 

" f ? " ? 

. 003 

.060 

.015 

. 004 
2. 104 
.011 
.176 
.048 
, 002 
,012 
.007 
.005 
.076 
.030 
.010 
.010 
.013 
.103 
.047 
.083 
.151 
.041 



199/20-009 PROTOCOL: SA 

SAMPLE ID; NEA-018 
PARTICLE SIZE: T 
ANALYSIS ID: MN378 
ENGINEERING WAREHOUSE 
EXPOSED AREA: 12.80 SQUARE CM 
MASS OF DEPOSIT: 1302.+- 10. MICROGRAMS 

.EMEN 

AL 
SI 
P 

s 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

IT UG/CM2 

4.2375+-
15..3S62+-

.1632+-

.7540+-

.0330+-

.7053+-
2.3744+-
.3747+-
.0420+-
.0474+-
.1013+-

6.8741+-
.0510+-

2.1102+-
• ,5394+-
,0083+-

10.6962+-
,1682+-
.0877+-
.0000+-
.0314+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
,0277+-
,0466+-
.9834+-
.0000+-
.1759+-
.5734+-

1.7170+-

.5629 
2.1606 
.0373 
,1939 
.0349 
.0825 
.3240 
.0214 
. 0060 
.0041 
.0066 
.3487 
.0044 
. 1084 
. 0302 
.0061 
.5485 
. 0093 
.0524 
,0143 
.0033 
.0075 
.0132 
, 0090 
,0111 
,0124 
,0155 
.0179 
,0233 
.1034 
.0888 
.1545 
.1160 

^.0897 

UG/FILTER 

54.240+-
196.943+-

2.089+-
9.652+-
,422+-

9.028+-
36.792+-
4.796+-
.538+-
.607+-

1.297+-
87.9S8+-

.653+-
27,011+-
6.904+-
.106+-

136.911+-
2,153+-
1.123+-
.O00+-
.402+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.355+-
.596+-

12.588+-
.000+-

2.252+-
7.340+-

21.978+-

7.205 
27.656 

.478 
2.483 
.447 

1.056 
4. 147 
.274 
.077 
.052 
.084 

4.463 
.056 
1.388 
.387 
.078 

7.021 
.125 
.671 
.183 
.042 
.096 
.169 
.115 
.142 
.159 
.198 
.229 
.298 
1.324 
1.137 
1.978 
1.485 
1.148 

PERCENT --

4.166+-
15.126+-

.160+-

.741+-

.032+-

.693+-
2.826+-
.368+-
.041+-
.047+-
.100+-

6.758+-
.050+-

2.075+-
.530+-
,008+-

10.515+-
.165+-
.086+-
.000+-
.031+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.027+-
.046+-
.967+-
.000+-
.173+-
.564+-
1,688+-

,554 
2,127 
,037 
.I9i: 
.034 
.081 
.319 
.021 
.006 
.004 
.007 
.347 
.004 
. 108 
.030 
.006 
.545 
.010 
.052 
.014 
.003 
.007 
.013 
.009 
.011 
.012 
.015 
,018 
.023 
.102 
.087 
.152 
.114 
.089 



> '̂: 'm, m^ ' i l { ' m t i I 'I'lrflMi 

1 9 9 / 2 0 - 0 0 5 PROTOCOL: 3 SA 

SAMPLE I D : NEA-019 
PARTICLE S I Z E : T 
ANALYSIS I D : MM960 
N.. END OF COOLING POND 
EXPOSED AREA: 1 2 . 8 0 SQUARE CM 
MASS OF DEPOSIT: 4 1 6 0 . " + - 1 0 . MICROGRAMS 

ELEMENT UG/CM2 

AL 
S I 
P 
S 
CL 
K 
CA 
T I 
V 
CR 
MN 
FE 
N I 
CU 
ZN 
GA 

- AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
I N 
SN 
SB 
BA 
LA 
HG 
PB 

2 1 . 5 8 7 5 + -
5 2 . 6 7 7 0 + -

4 . 5 5 2 8 + -
1 . 2 6 6 4 + -

. 0 0 0 0 + -
2 , 7 3 3 0 + -

1 4 , 0 7 2 3 + -
. 9 3 7 4 + -
, 0 6 9 2 + -
. 2 3 4 4 + -
. 1 8 1 8 + -

1 3 . 7 2 5 8 + -
. 0 7 0 1 + -

5 . 1 0 8 3 + -
. 2 3 0 9 + -
. 0 0 0 0 + -

5 . 9 6 0 8 + -
. 0 8 2 5 + -
. 0 8 2 5 + -
. 1 0 1 4 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 1 4 4 4 + -
. 4 3 7 7 + -

2 - 3 3 3 4 + -
. 2 0 3 2 + -
- 3 2 1 3 + -

1 . 4 4 8 9 + -

2 . 8 4 9 7 
7 . 3 9 4 3 
1 . 0 1 9 2 

. 2 2 6 5 

. 2 8 2 3 
, 3 1 0 5 

1 , 5 7 3 4 
. 0 3 3 7 
, 0 3 1 4 
. 0 1 4 0 
. 0 1 1 1 
. 6 9 3 2 
. 0 0 5 4 
. 2 5 9 9 
. 0 2 5 1 
. 0055 
. 3 1 1 6 
, 0085 
. 0 3 1 3 
. 0 0 8 7 
. 0 0 7 7 
. 0 0 6 4 
. 0 1 6 0 
. 0 0 8 8 
. 0 1 0 7 
. 0 1 6 1 
. 0 1 4 1 
- 0 1 9 0 
- 0 2 4 2 
. 0 6 9 3 
. 2 5 3 7 
, 1 5 5 / 
. 0 8 4 7 

V . 0 7 6 1 

UG/F ILTER 

2 7 6 . 3 2 0 + -
6 7 4 , 2 6 6 + -

5 8 , 2 7 5 + -
1 6 , 2 1 0 + -

, 0 0 0 + -
3 4 . 9 8 3 + -

1 3 0 . 1 3 2 + -
1 1 , 9 9 9 + -

. 3 3 6 + -
3 . 0 0 0 + -
2 . 3 2 7 + -

1 7 5 . 6 9 0 + -
. 3 9 7 + -

6 5 . 3 8 6 + -
2 . 9 5 6 + -

. 0 0 0 + -
7 6 . 2 9 8 + -

1 . 0 5 6 + -
1 . 0 5 6 + -
1 . 2 9 8 + -

. 0 0 0 + -

. 0 0 0 + -
. 0 0 0 + -
, 0 0 0 + -
, 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -

1 . 8 4 8 + -
5 . 6 0 3 + -

2 9 . 8 6 8 + -
2 . 6 0 1 + -
4 . 1 1 3 + -

1 8 . 5 4 6 + -

3 6 . 4 7 7 
9 4 . 6 4 6 
1 3 . 0 4 6 

2 , 8 9 9 
3 . 6 1 4 
3 . 9 7 4 

2 0 . 2 0 3 
1 , 135 

, 402 
, 179 
. 142 

3 - 8 7 3 
. 0 6 9 

3 . 3 2 7 
. 3 2 1 
. 0 7 0 

3 . 9 8 3 
. 109 
. 4 0 1 
. 1 1 1 
. 0 9 9 
. 0 8 2 
. 2 0 5 
. 1 1 3 
. 1 3 7 
. 2 0 6 
. 1 8 0 
. 2 4 3 
, 3 1 0 
, 8 8 7 

3 . 2 4 7 
1 . 9 9 3 
1 . 0 8 4 

. 9 7 4 

PERCENT 

6 . 6 4 2 + -
1 6 . 2 0 8 + -

1 . 4 0 1 + -
. 3 9 0 + -
. 0 0 0 + -
. 3 4 1 + -

4 . 3 3 0 + -
. 2 S 3 + -
. 0 2 1 + -
. 0 7 2 + -
. 0 5 6 + -

4 . 2 2 3 + -
. 0 2 2 + -

1 . 5 7 2 + -
. 0 7 1 + -
. 0 0 0 + -

1 . 3 3 4 + -
. 0 2 5 + -
. 0 2 5 + -
. 0 3 1 + -
, 0 0 0 + -
, 0 0 0 + -
, 0 0 0 + -
, 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 4 4 + -
. 1 3 5 + -
- 7 1 8 + -
. 0 6 3 + -
. 0 9 9 + -
. 4 4 6 + -

. 3 7 7 
2 . 2 7 5 

. 3 1 4 

. 0 7 0 

. 037 

. 0 9 6 

. 4 8 6 

. 0 2 7 

. 0 1 0 

. 004 

. 003 

. 2 1 4 

. 0 0 2 
. 030 
. 0 0 3 
. 002 
. 0 9 6 
. 003 
. 0 1 0 
. 0 0 3 
. 0 0 2 
. 0 0 2 
. 0 0 5 
. 0 0 3 
. 0 0 3 
. 0 0 5 
. 0 0 4 
. 0 0 6 
. 0 0 7 
. 0 2 1 
. 0 7 8 
. 0 4 3 
. 0 2 6 
. 0 2 3 



C:.:^ii-,-.',:iHj-j.-'. :' tt^Uu 1 ' ^ - ^ ' - %.li, 

1 9 9 / 2 0 - 0 0 5 PROTOCOL: SA 

SAMPLE I D : NEA-020 
PARTICLE S I Z E : T 
ANALYSIS I D : MM961 
COOLING POND 
EXPOSED AREA: 1 2 . 8 0 SQUARE CM 
MASS OF DEPOSIT: 3 4 0 0 . + - ' 1 0 . MICROGRAMS 

EMEN 

AL 
S I 
P 
S 
CL 
K -
CA ~ 
T I 
V 
CR 
MN 
FE 
N I 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
I N 
SN 
SB 
BA 
LA 
HG 
PB 

IT UG/CM2 

2 1 . 6 5 1 4 + -
2 6 . 3 5 6 3 + -

4 . 8 7 0 8 + -
. 8 8 6 5 + -
. 0 0 0 0 + -

1 . 9 2 0 6 + -
1 3 . 3 6 8 9 + -

. 4 6 6 0 + -

. 0 4 5 9 + -

. 2 1 3 6 + -
. 1 2 8 5 + -

7 . 4 0 7 0 + -
. 0 6 3 0 + -

6 . 2 9 3 2 + -
. 1 2 4 1 + -
. 0 0 0 0 + -

1 . 3 0 1 9 + -
. 0 5 0 3 + -
. 0 1 7 8 + -
. 0 0 0 0 + -
. 1 2 2 1 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 1 0 7 + -
. 1 2 9 0 + -
. 0 0 5 0 + -
. 0 0 0 0 + -
. 0 4 4 4 + -
. 1 1 8 4 + - . 

1 . 3 4 1 2 + -
. 1 1 2 9 + -
. 0 3 0 5 + -

1 . 1 7 b / + -

2 . 8 5 7 8 
3 . 7 0 0 5 
1 . 0 9 0 3 

. 1 7 1 5 

. 2 1 4 2 

. 2 1 9 6 
1 . 5 5 5 5 

. 0 4 9 8 

. 0 1 8 4 
. 0 1 2 6 
. 0 0 8 5 
. 3 7 5 5 
. 0 0 5 0 
. 3 1 9 7 
. 0 2 7 3 
. 0 0 4 6 
. 0 9 1 8 
. 0 0 5 3 
. 0 0 7 7 
. 0 0 3 1 
. 0 0 7 7 
. 0 0 5 3 
. 0 1 5 6 
. 0 0 8 8 
. 0089 
. 0 1 6 9 

• . 0 1 2 4 
. 0 1 6 1 
, 0 2 2 2 
. 0 5 1 8 
. 1 5 2 0 
. 1 4 8 9 
. 0 1 6 8 

^ , 0 6 2 3 

UG/F ILTER 

2 7 7 , 1 3 8 + -
3 3 7 . 3 6 1 + -

6 2 , 3 4 6 + -
1 1 , 3 4 7 + -

. 0 0 0 + -
2 4 . 5 B 4 + -

1 7 7 . 5 2 2 + -
5 . 9 6 5 + -

. 5 8 8 + -
2 . 7 3 4 + -
1 . 6 4 5 + -

9 4 . 8 1 0 + -
. 8 0 6 + -

8 0 . 5 5 3 + -
1 . 5 8 8 + -

. 0 0 0 + -
1 6 . 6 6 4 + -

. 6 4 4 + -

. 2 2 8 + -

. 0 0 0 + -
1 . 5 6 3 + -

. 0 0 0 + -

. 0 0 0 + -
- 0 0 0 + -
. 1 3 7 + -

1 . 6 5 1 + -
- 0 6 4 + -
. 0 0 0 + -
. 5 6 8 + -

1 . 5 1 6 + -
1 7 . 1 6 7 + -

1 . 4 4 5 + -
. 3 9 0 + -

1 5 . 0 4 9 + -

3 6 . 5 7 9 
4 7 . 3 6 6 
1 3 . 9 5 6 
2 . 1 9 5 
2 - 7 4 2 
2 , 8 1 1 

1 9 . 9 1 0 
. 6 3 7 
. 2 3 6 
. 1 6 1 
. 1 0 9 

4 . 8 0 6 
, 0 6 4 

4 . 0 9 2 
. 3 4 9 
. 0 5 9 

1 .175 
. 0 6 8 
. 0 9 9 
. 0 4 0 
, 0 9 9 
, 0 6 8 
. 2 0 0 
- 1 1 3 
. 1 1 4 
. 2 1 6 
. 1 5 9 
. 2 0 6 

: . 2 8 4 
. 6 6 3 

1 .946 
1 . 9 0 6 

. 2 1 5 
. 7 9 7 

PERCENT 

8 . 1 5 1 + -
9 . 9 2 2 + -
1 . 3 3 4 + -

. 3 3 4 + -

. 0 0 0 + -

. 7 2 3 + -
5 . 2 2 1 + -

. 1 7 5 + -

. 0 1 7 + -

. 0 B 0 + -
, 0 4 8 + -

2 . 7 8 9 + -
. 0 2 4 + -

2 . 3 6 9 + -
. 0 4 7 + -
. 0 0 0 + -
. 4 9 0 + -
. 0 1 9 + -
. 0 0 7 + -
. 0 0 0 + -
. 0 4 6 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 4 + -
. 0 4 9 + -
. 0 0 2 + -
. 0 0 0 + -
. 0 1 7 + -
. 0 4 5 + -
. 5 0 5 + -
. 0 4 3 + -
. 0 1 1 + -
. 4 4 3 + -

1 . 0 7 6 
1 . 3 9 3 

. 4 1 1 
. 0 6 5 
. 0 8 1 
. 0 8 3 
. 5 8 6 
. 0 1 9 
. 007 
. 0 0 5 
. 0 0 3 
. 1 4 2 
. 0 0 2 
. 1 2 1 
. 0 1 0 
. 0 0 2 
. 0 3 5 
. 0 0 2 
. 0 0 3 
. 0 0 1 
. 0 0 3 
. 0 0 2 
. 0 0 6 
. 0 0 3 
. 0 0 3 
. 0 0 6 
. 0 0 5 
. 0 0 6 
. 0 0 8 
. 0 2 0 
. 0 5 7 
. 0 5 6 
. 0 0 6 
. 0 2 3 



; - - • . ! - : . - . • ' / - \ • • • 

mt^ ' t i f , ri.'1-.rtM.iil^ 

1 9 9 / 2 0 - 0 0 6 PROTOCOL: SA 

SAMPLE I D : NE.A-021 
PARTICLE S I Z E : T 
ANALYSIS I D : MM968 
PARKING LOT - N. OF ADMINISTRATION BUILDING 
EXPOSED AREA: 1 2 , 3 0 SQUARE CM 
MASS OF DEPOSIT: 1 0 9 0 , + - 1 0 . MICROGRAMS 

.EMEN 

AL 
S I 
P 
s 
CL 
K 
CA 
T I 
V 
CR 
MN 
FE 
N I 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
I N 
SN 
SB 
BA 
LA 
HG 
PB 

IT UG/Cl 

5 . 3 0 8 6 + -
1 6 . 0 4 2 4 + -

. 5 5 3 3 + -
. 6 1 4 5 + -
. 0.366+-
. 6 8 8 1 + -

2 , 2 0 7 5 + -
, 4 1 2 6 + -
. 0 4 9 6 + -
. 0 5 3 0 + -
. 0 8 8 8 + -

5 . 1 0 S 2 + -
. 0 4 6 9 + -

1 . 9 4 9 2 + -
. 1 6 2 8 + -
. 0 0 7 1 + -

1 . 5 8 7 3 + -
. 0 0 0 0 + -
. 0 2 0 0 + -
. 0 0 0 0 + -
. 0 3 6 4 + -
. 0 0 3 6 + -
. 0 2 6 2 + -
. 0 2 0 8 + -
. 0 2 3 8 + -
. 0 3 0 2 + -
. 0 1 6 0 + -
. 0 2 4 4 + -
. 0 0 6 2 + -
. 2 4 0 5 + -
. 0 0 0 0 + -
. 1 5 5 0 + -
. 0 2 9 6 + -

1 . 0 8 0 9 + -

M2 

. 7 0 2 6 
2 . 2 5 2 7 

. 1 2 4 4 
. 1 3 5 5 
. 0265 
. 0304 
. 2 4 9 3 
. 0234 
. 0066 
. 0 0 4 4 
. 0 0 6 1 
. 2 5 9 8 
. 0042 
. 1003 
. 0 1 3 0 
. 0042 
. 0 9 9 8 
. 0027 
. 0 0 9 1 
. 0035 
. 0037 
. 0053 
. 0 1 4 6 
. 0 1 0 4 
. 0 1 1 9 
. 0 1 5 1 
. 0 1 5 2 
. 0205 
. 0 2 3 9 
. 0606 
. 1 0 5 0 
. 1 7 8 7 
. 0 1 4 8 
. 0 5 7 6 

UG/F ILTER 

6 7 . 9 5 0 + -
2 0 5 . 3 4 3 + -

7 . 0 8 9 + -
7 . S 6 6 + -

. 4 6 8 + -
8 . 8 0 3 + -

2 3 . 2 5 6 + -
5 . 2 3 1 + -

. 6 3 5 + -
, 6 7 3 + -

1 . 1 3 7 + -
6 5 . 3 4 7 + . -

. 6 0 0 + -
2 4 . 9 5 0 + -

2 . 0 8 4 + -
. 0 9 1 + -

2 0 . 3 1 7 + -
. 0 0 0 + -
. 2 5 6 + -
. 0 0 0 + -
. 4 6 6 + -
. 1 1 0 + -
. 3 3 5 + -
. 2 6 6 + -
. 3 0 5 + -
. 3 8 7 + -
. 2 0 5 + -
. 3 1 2 + -
. 0 7 9 + -

3 . 0 7 8 + -
. 0 0 0 + -

1 . 9 8 4 + -
. 3 7 9 + -

1 3 . 8 3 6 + -

3 . 9 9 3 
2 3 . 3 3 5 

1 . 5 9 2 
1 . 7 3 4 
• O O T 

1 ,029 
3 . 1 9 1 

. 3 0 0 

. 084 

. 0 5 6 

. 0 7 3 
3 . 3 2 5 

. 0 5 4 
1 .284 

. 1 6 6 

. 0 5 4 
1 . 2 7 7 

, 0 3 5 
. 116 
. 0 4 5 
. 0 4 7 
. 0 6 3 
. 1 8 7 
• 133 
. 1 5 2 
. 1 9 3 
. 1 9 5 
, 2 6 2 
. 3 0 6 
. 7 7 6 

1 . 3 4 4 
2 . 2 8 7 

. 1 8 9 

. 7 3 7 

PERCENT 

6 . 2 3 4 + -
1 3 . 3.39+-

. 6 5 0 + -

. 7 2 2 + -

. 0 4 3 + -

. 3 0 3 + -
2 . 5 9 2 + -

. 4 8 5 + -
. 0 5 S + -
. 0 6 2 + -
. 1 0 4 + -

5 . 9 9 5 + -
. 0 5 5 + -

2 . 2 3 9 + -
. 1 9 1 + -
. 0 0 8 + -

1 . S 6 4 + -
. 0 0 0 + -
. 0 2 3 + -
. 0 0 0 + -
, 0 4 3 + -
. 0 1 0 + -
. 0 3 1 + -
. 0 2 4 + -
. 0 2 8 + -
. 0.35+-
. 0 1 9 + -
. 0 2 9 + -
. 0 0 7 + -
. 2 8 2 + -
. 0 0 0 + -
. 1 8 2 + -
. 0 3 5 + -

1 . 2 6 9 + -

, 3 2 7 
2 , 6 5 1 

. 1 4 6 

. 1 5 9 
. 0 3 1 
. 095 
. 2 9 4 
. 0 2 3 
. OOS 
. 005 
. 007 
. 3 1 0 
. 0 0 5 
. 1 2 0 
. 0 1 5 
. 005 
. l i s 
. 003 
. 0 1 1 
. 004 
. 0 0 4 
. 006 
. 0 1 7 
. 0 1 2 
. 0 1 4 
. 0 1 8 
. 0 1 8 
. 024 
. 0 2 8 
. 0 7 1 
. 1 2 3 
. 2 1 0 
. 0 1 7 
. 0 6 9 



199/20-005 PROTOCOL: SA 

SAMPLE ID: NEA-022 
PARTICLE SIZE: T 
ANALYSIS ID: MM962 
ROADWAY N, OF POWER HOUSE 
EXPOSED AREA: 12.80 SQUARE CM 
MASS OF DEPOSIT: 599.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
P 
S 
CL 
K: 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UB/CM2 

1.1166+-
4.1156+-
.1535+-
.5122+-
.0000+-
.1839+-

6.4761+-
.0902+-
.0093+-
.0251+-
,0332+-

2,3851+-
.0177+-

1,1767+-
,1010+-
.0000+-
.7150+-
.0012+-
.0000+-
.0000+-
.0148+-
.0053+-
.0000+-
.0000+-
.0041+-
.0114+-
.0232+-
.0000+-
,0194+-
,6487+-
,0734+-
,0304+-
.0000+-
.3252+-

.1498 

.5789 

.0356 

. 0790 

.1125 

.0265 

.7273 

. 0068 

. 0024 

. 0026 
,0031 
,1231 
,0024 
.0612 
.0085 
.0020 
,0415 
.0017 
.0045 
.0021 
.0024 
.0029 
.0103 
.0073 
.0073 
.0095 
.0116 
.0135 
.0176 
.0742 
.0702 
,1253 
,0049 
.0193 

UG/FILTER 

14.292+-
52.679+-
1.965+-
6.557+-
.000+-

2.353+-
82.894+-
1.155+-
.125+-
.321+-
.425+-

30.529+-
.227+-

15.062+-
1.293+-
.000+-

9.152+-
.015+-
.000+-
.000+-
.189+-
.068+-
.000+-
.000+-
,052+-
.146+-
.297+-
.000+-
,248+-

8,303+-
,940+-
.389+-
.000+-

4.163+-

1.917 
7.410 
.455 

1.012 
1. 440 
.339 

9.310 
.087 
.031 
. 033 
. 040 

1.576 
.031 
.783 
.109 
.026 
.531 
.022 
.058 
.027 
.031 
.037 
.132 
.093 
.093 
.122 
.148 
.173 
.225 
.950 
.899 

1.604 
.063 
.247 

PERCE 

2,386+-
8.795+-
.328+-

1.095+-
.000+-
.393+-

13.839+-
.193+-
.021+-
.054+-
.071+-

5.097+-
.038+-

2.514+-
.216+-
.000+-

1.528+-
.003+-
..000+-
.000+-
.032+-
.011+-
,000+-
.000+-
,009+-
.024+-
.050+-
,000+-
,041+-

1.386+-
.157+-
.065+-
.000+-
.695+-

:NT 

.323 
1.246 
.076 
.170 
.240 
.057 
1.571 
.015 
,005 
.006 
.007 
.276 
.005 
.137 
.019 
.004 
,092 
,004 
,010 
,004 
.005 
.006 
,022 
,016 
.016 
.020 
.025 
.029 
,038 
,160 
.150-
.268 
.010 
.043 



199/20-001 PROTOCOL: SA 

SAMPLE ID: NEA-001 . 
PARTI CLE SIZE: F -' C t ^ ^ ^ ' <P - 2 . , ̂ t - f cf^c^S) 
ANALYSIS ID: MM929 
STORAGE TANK 
EXPOSED AREA: 2.15 SQUARE CM 
MASS OF DEPOSIT: 114.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

T UG/CM2 r - '^ 

1.7489+-
4,3476+-
, 1142+-

1.3010+-
.0120+-
.2159+-

1.4675+-
.1367+-
,0199+-
,0442+-
.0526+-

6.5646+-
,030S+-

3.3151+-
.7139+-
.0000+-
1.9230+-
.0000+-
.0000+-
.0000+-
.0045+-
.0042+-
,0000+-
,0096+-
,0160+-
,0105+-
,0541+-
,0287+-
,0576+-

• .2265+-
.0000+-
.0000+-
,0182+-

1.5913+- . 

.2331 
,6411 
. 0263 
.2193 
.0321 
. 0277 
. 1663 
. 0093 
, 00-34 
, 0038 
, 0042 
.3332 
.0033 
-1693 
.0401 
. 0059 
. 1299 
. 0023 
. 0099 
.0035 
. 0027 
.0064 
.0133 
.0090 
.0102 
.0119 
.0155 
.0190 
.0238 
. 0557 
.0863 
.1560 
,0091 
.0834 

^ UG/FILTER\^ __ 

3.760+-
9.347+-
,245+-

2.797+-
.026+-
,464+-

3.155+-
.294+-
.043+-
.095+-
.113+-

14.114+-
.066+-

7.127+-
1.535+-
.000+-

. 4.145+-
.000+-
.000+-
.000+-
.010+-
.009+-
.000+-
.021+-
.034+-

;. .023+-
.116+-
.062+-

., .124+-
'.1 .487+-

.000+-

.000+-

.039+-
3.421+-

.50f^ 
1.378 
,057 
,472 
.069 
.059 
..353 
.020 
. 007 
.008 
,009 
.716 
.007 
.364 
.086 
.013 
.279 
.005 
.021 
.008 
.006 
.014 
,029 
,019 
.022 
.026 
.033 
.041 
.051 
,120 
,186 
,335 
,020 
.179 

___̂  

_^_^ PERCENT'>'••*' 

3.298+-
3.199+-
.215+-

2.454+-
.023+-
.407+-

2,763+-
.258+-
.038+-
.083+-
.099+-

12..331+-
.058+-

6.252+-
1.346+-
.000+-

3.636+-
.000+-
.000+-
.000+-
.008+-
.008+-
.000+-
.018+-
.030+-
.020+-
.102+-
.054+-
.109+-
.427+-
,000+-
,000+-
,034+-

1 3.001+-

.526 
1. 407 
. 053 
.466 
.061 
. 063 
.397 
. 029 
. 007 
-010 
.012 

1.255 
. 003 
. 635 
.140 
.011 
.402 
.004 
,019 
.007 
.005 
,012 
.025 
.017 
.019 
.023 
.031 
.036 
.046 

. .112 
.163 
.294 
.017 
.307 

. ^ - . - " ^ 

^ ^ 

^ b 

. 

' 

! 
^ 



199/20-003 PROTOCOL: 3 SA 

SAMPLE ID: NEA-002 
PARTICLE SIZE: F 
ANALYSIS ID: MM933 
PLATE TREATER 
EXPOSED AREA: 2. 
MASS OF DEPOSIT: 

15 SQUARE CM 
188.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

IT UG/CM: 

1.6900+-
4.8879+-
.2317+-

2.0433+-
.0000+-
.3567+-

2.7424+-
.2026+-
.0256+-
,0693+-
.0724+-

10,3070+-
.0778+-

6.6969+-
.5088+-
.0000+-

6.0909+-
.0000+-
.0000+-
.0000+-
.0051+-
.0414+-
.0000+-
.0120+-
.0000+-
.0000+-
.0776+-
.0000+-
.1944+-
.6713+-
.0000+-
.0000+-
.0364+-

9.5076+- , 

2 

.2259 

. 7207 

. 0636 

.9030 

. 1502 

.0439 

. 3092 

.0127 

.0041 
,0051 
,0052 

.0058 

.3401 

.0389 

.0295 

.5881 
, 0067 
.0278 
.0085 
.0036 
.0313 
.0201 
.0082 
,0119 
,0131 
.0184 
.0180 
.0322 
.0909 
.0792 
.1377 
,0182 

^,4850 

UG/FILTER 

3,634+-
10,509+-

.606+-
4,393+-
,000+-
.767+-

5.896+-
.436+-
.055+-
.149+-
.156+-

22.160+-
.167+-

14,398+-
1.094+-
.000+-

13.095+-
.000+-
.000+-
.000+-
.011+-
.089+-
.000+-
.026+-
.000+-
.000+-
,167+-
,000+-
.418+-

1.443+-
.000+-
.000+-
.078+-

20.441+-

,486 
1.549 
. 137 

1.942 
.323 
.094 
.665 
.027 
. 009 
.011 
.011 

1.121 
.012 
.731 
.084 
.063 

1.264 
.014 
.060 
.018 
.008 
.067 
.043 
.018 
.026 
.028 
.040 
.039 
.069 
.195 
.170 
.296 
,039 

1,043 

PERCENT -

1,933+-
5.590+-
.322+-

2,337+-
,000+-
,408+-

3.136+-
.232+-
.029+-
.079+-
.083+-

11.787+-
.089+-

.7.659+-
.582+-
.000+-

6.966+-
.000+-
.000+-
.000+-
.006+-
.047+-
.000+-
.014+-
.000+-
.000+-
.089+-
.000+-
.222+-
.768+-
.000+-
.000+-
.042+-

10.873+-

.278 

.876 
,075 

1.040 
.172 
.055 
.391 
.019 
.005 
.007 
.007 
.865 
.008 
. 563 
.054 
.034 
.768 
.008 
.032 
.010 
.004 
.036 
.023 
.009 
.014 
.015 
,022 
.021 
.039 
.112 
.091 
.157 
.021 
.801 



199/20-001 PROTOCOL: SA 

SAMPLE ID: NEA-003 
PARTICLE SIZE: F 
ANALYSIS ID: MM909 
REVERB FURNACE 
EXPOSED AREA: 2. 
MASS OF DEPOSIT: 

15 SQUARE CM 
116.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UG/CM2 

,9044+-
2.5044+-
-1808+-

1,9319+-
,0000+-
,2970+-
.3130+-
.1123+-
.0207+-
.0430+-
.0517+-

6.3054+-
.0412+-

4.8873+-
.3958+-
.0000+-

5.3B21+-
.0023+-
.0000+-
.0000+-
.0057+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0263+-
.0927+-
.68S4+-
.1334+-
.0076+-
.0Q45+-

2.3921+- , 

.1223 
,3697 
,0410 
.3231 
.0630 
,0367 
. 0936 
. 0030 
. 0032 
, 0040 
,0041 
.3453 
. 0038 
.2487 
.0297 
. 0082 
. 3007 
. 0037 
.0243 
. 0068 
.0025 
.0038 
.0122 
.0086 
.0106 
.0130 
.0143 
.0166 
.0227 
.0785 
.0798 
.1383 
.0148 

^.1239 

UG/FILTER 

1.944+-
5.3S4+-
.339+-

4.261+-
.000+-
.639+-

1.759+-
.241+-
.045+-
.103+-
.111+-

14.632+-
.089+-

10,508+-
.851+-
.000+-

11.572+-
.005+-
.000+-
,000+-
.012+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.057+-
.199+-

1.480+-
.287+-
.016+-
.010+-

5.143+-

.263 

.795 

. 088 

.695 

. 136 

.079 

.201 

. 017 

. 007 

.009 

.009 

.742 
,008 
. 535 
.064 
.018 
.647 
. OOS 
.052 
.015 
.005 
.019 
.026 
.018 
.023 
.028 
.031 
.036 
.049 
.169 
.172 
.297 
.032 
.266 

PERCENT 

1.676+-
4.642+-
• •.iô J'*'— 

3,673+-
.000+-
.550+-

1.516+-
,20S+-
.033+-
,089+-
.096+-

12.613+-
.076+-

9.053+-
.734+-
.000+-

9.975+-
.004+-
.000+-
.000+-
.011+-
.000+-
.000+-

- .000+-
.000+-
.000+-
.000+-
.049+-
.172+-

1.276+-
.247+-
,014+-
,008+-

4.434+-

.269 

.793 

.081 

.677 

.117 

. 083 

.217 

. 023 

. 007 

.011 

.011 
1.262 
.010 
.907 
,084 
,015 

1.025 
.007 
.045 
.013 
.005 
.016 
.023 
.016 
.020 
.024 
.027 
.031 
.045 
.182 
.149 
.256 
,027 
.446 



. ^ 

199/20-001 PROTOCOL: SA 

SAMPLE ID: NEA-004 
PARTICLE SIZE: F 
ANALYSIS ID: MM913 
N.W. REFINERY ttl 
EXPOSED AREA: 2. 
MASS OF DEPOSIT: 

15 SQUARE CM 
334.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 

s 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

JT UG/CM2 

3.6589+-
9.0532+-
.2799+-

5.7929+-
.0000+-
.3729+-

29.1647+-
,3049+-
,0211+-
,0371+-
,062B+-

5,9657+-
,2022+-

4.4383+-
.5300+-
.0000+-

4.9168+-
.0070+-
.0198+-
.0000+-
.0416+-
.0000+-
.0157+-
.0171+-
.0210+-
,0620+-
,1134+-
.0300+-
.0551+-

1,4583+-
.1900+-
.0000+-
. 00.43+-

2.4172+-

.4857 
1.3341 
. 0707 
. 6990 
.4439 
.0633 

3.2687 
,0179 
.0048 
. 0035 
.0047 
.3031 
.0123 
. 2260 
.0339 
. 0032 
. 2802 
. 0035 
.0237 
. 0069 
.0039 
.0090 
.0144 
.0095 
.0108 
.0181 
.0186 
.0198 
.0277 
.1319 
.0950 
.1643 
.0114 

^.1252 

UG/FILTER 

7.867+-
19.464+-

.602+-
12.455+-

.000+-

.802+-
62.704+-

.656+-

.045+-

.080+-

.135+-
12.826+-

.435+-
9.543+-
1.140+-
.000+-

10.571+-
.015+-
.043+-
.000+-
.089+-
.000+-
.034+-
.037+-
,045+-
.lo3+-
.244+-
.065+-
.118+- -

3.135+-
.409+-
.000+-
,009+-

5.197+-

1,044 
2.868 
.152 

1.503 
.954 
,136 

7.028 
.033 
.010 
.008 
.OIO 
.652 
.026 
.486 
.073 
.018 
.602 
.008 
.051 
.015 
.008 
.019 
.031 
,020 
,023 
,039 
.040 
,043 
.060 
.284 
.204 
.353 
.025 
.269 

PERCENT 

2.355+-
5.828+-
.180+-

3.729+-
.000+-
.240+-

13.774+-
.196+-
.014+-
,024+-
.040+-

3.840+-
.130+-

2.857+-
.341+-
.000+-

3.165+-
.005+-
.013+-
.000+-
.027+-
,000+-
.010+-
.011+-
.014+-
.040+-
.073+-
.019+-
.035+-
.939+-
,122+-
.000+-
.003+-

1,556+-

.321 

.876 

.046 

.464 

.286 

.041 
2.173 
.013 
.003 
.002 
.003 
.226 
,009 
.169 
.024 
.005 
.204 
.002 
.015 
.004 
.003 
.006 
.009 
.006 
.007 
.012 
.012 
.013 
.018 
.089 
.061 
.106 
.007 
.093 



::\'z:^B 

199/20-003 PROTOCOL: SA 

SAMPLE ID: NEA-005 
PARTICLE SIZE: F 
ANALYSIS ID: MM941 
REFINERY # 3 - 8 . END 
EXPOSED AREA: 2.15 SQUARE CM 
MASS OF DEPOSIT: 216.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
;sB 
BA : 
LA 
HG 
PB 

UG/CM2 

5.7951+-
11.5551+-

.4006+-
1,3645+-
.0000+-
,5611+-

5,6034+-
,4133+-
.0350+-
,0S52+-
.0861+-

6,8992+-
.3367+-

4.6360+-
.3042+-
.0095+-

2.7236+-
.0166+-
.0000+-
.0000+-
.0144+-
.0083+-
.0000+-
.0000+-
.0123+-
.0309+-
.0231+-
.0123+-
.0422+-

. .6445+-
.0000+-
.0000+-
.0L76+-
1.5958+-

.7676 
1.7025 
. 0904 
,2681 
. 1986 
,0668 
.6296 
.0234 
. 0061 
. 0060 
. 0060 
, 3500 
.0191 
. 2360 
.0258 
. 0057 
.1626 
. 0033 
.0127 
.0039 
.0027 
.0063 
.0135 
.0078 
.0091 
.0148 
.0130 
.0167 
.0209 
. 0766 
.0775 
.1352 
.0088 

X.. 0836 

UG/FILTER 

12.460+-
24.843+-

.861+-
4.009+-
.000+-

1.206+-
12.047+-

.839+-

.075+-

.133+-

.135+-
14,333+-

.724+-
9.967+-
.654+-
.020+-

5.856+-
.036+-
.000+-
.000+-
.031+-
.018+-
.000+-
.000+-

. .026+-
.066+-
.050+-
.026+-
.091+-

1.386+-
.000+-
.000+-
.038+-

3.431+-

1. 650 
3.660 
. 194 
.576 
.427 
. 144 

1.354 
. 050 
.013 
.013 
.013 
,752 
.041 
.507 
.055 
.012 
.350 
.007 
.027 
.008 
.006 
.014 
.029 
.017 
.020 
.032 
.028 
.0.36 
.045 
.165 
.167 
.291 
.019 
.180 

PERCENT 

5.763+-
11,502+-

.399+-
1.356+-
.000+-
,559+-

5,577+-
,411+-
,035+-
,085+-
,086+-

6.367+-
.335+-

4.615+-
.303+-
.009+-

2.711+-
.017+-
.000+-
.000+-
.014+-
.008+-
.000+-
.000+-
.012+-
.031+-
.023+-
.012+-
.042+-
.642+-
.000+-
.000+-
.018+-

1.588+-

. 309 
1.776 
. 092 
,230 
. 193 
.071 
.673 
. 030 
. 006 
. 007 
. 007 
.472 
.025 
.313 
. 029 
. 006 
.205 
.003 
.013 
.004 
.003 
. 006 
.013 
.008 
.009 
.015 
.013 
.017 
.021 
.082 
.077 
.135 
.009 
.111 



^ rv.Iri'.i-..*.Lik.rb.L^Ji. ...:^Ou:.'j'^-.-.. ..... . ..̂  .-tiiVfV 

1 9 9 / 2 0 - 0 0 3 PROTOCOL: 3 SA 

SAMPLE I D : NEA-006 
PARTICLE S I Z E : F 
ANALYSIS I D : MM943 
HERSHEKOFF ROASTERS 
EXPOSED AREA: 2 . 1 5 SQUARE CM 
MASS OF DEPOSIT: 5 8 0 . + - 1 0 . MICROGRAMS 

ELEMENT UG/CM2 

r AL 
i S I 
•' P 

s -
1 C L -

K 
CA 

i "^^ 
^ 

'• CR -
MN 

1 FE-
NI 
CU . 

( ZN 
( GA 

AS 
SE 

; BR 
( RB 

SR 
1 Y 
j • ZR 

MO 
PD 
AG 
CD 

. I N 
SN 

v-< >SB V 
• ^ - - . - B A •• 

^ ^^'LA 
HG 
PB 

! - • • • 

I. 

4 , 7 6 9 5 + -
1 0 . 7 0 4 4 + -

. 7 0 4 1 + -
7 . 3 8 3 7 + -

. 1 1 9 0 + -
. 9 3 1 6 + -

2 2 , 2 1 0 6 + -
. 7 5 5 8 + -
. 1 2 3 1 + -
. 2 9 1 3 + -
. 3 7 9 0 + -

5 3 , 4 7 7 9 + -
, 2 2 0 4 + -

1 0 . 2 1 0 0 + -
. 9 1 0 4 + -
. 0 4 1 9 + -

1 1 . 7 2 6 9 + -
. 0 1 6 6 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 2 0 3 + -
. 0 4 5 3 + -
. 0 4 2 4 + -
. 0 9 0 4 + -
. 0 0 0 0 + -
. 0 6 9 2 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 1 4 5 6 + -

;:i.7^17+-.; 
• , . 1 3 0 1 + -

'. 0 0 0 0 + -
. 0 0 0 0 + -

9 . 4 8 9 8 + -

. 6 3 3 9 
1 . 5 7 7 4 

. 1603 
1 . 2 9 2 6 

. 1 7 0 7 

. 1 1 8 6 
2 . 4 8 9 9 

. 0 4 0 7 

. 0 1 1 7 

. 0 1 6 5 

. 0 2 0 9 
2 . 9 4 2 7 

. 0 1 3 2 

. 5 1 7 6 

. 0 6 3 4 

. 0 2 9 5 

. 7 7 5 4 

. 0 0 8 3 

. 0 5 1 4 

. 0 1 4 5 

. 0 0 5 1 

. 0 3 1 4 

. 0 2 1 2 

. 0 1 1 7 
- 0 1 6 8 
. 0 1 8 9 
. 0 2 1 7 
. 0 2 0 6 
. 0 3 5 3 

\ ^ 1 ^ 1 \ ^ 2 . • 
- . 0 8 7 7 . 

•:;:;•:. 1513 • 
. 0 3 3 3 

^ 4 8 4 1 

- • / 

UG/F ILTER 

1 0 . 2 5 5 + -
2 3 . 0 1 5 + -

1 . 5 1 4 + -
1 5 . 8 7 5 + -

. 2 5 6 + -
2 . 1 1 0 + -

4 7 . 7 5 3 + -
1 . 6 2 5 + -

. 2 6 5 + -

. 6 2 6 + -

. 8 1 5 + -
1 2 5 . 7 2 7 + -

. 4 7 4 + -
2 1 . 9 5 2 + -

1 . 9 5 7 + -
. 0 9 0 + -

2 5 . 2 1 3 + -
. 0 3 6 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 4 4 + -
. 0 9 7 + -
. 0 9 1 + -
. 1 9 4 + -

/ . 0 0 0 + -
••••- ; 1 4 9 + -

. 0 0 0 + -

. 0 0 0 + -

. 3 1 3 + -
'.;;?v 3 . 7 4 5 + - . . 
^ • . 2 8 0 + -

; 0 0 0 + -
. 0 0 0 + -

2 0 . 4 0 3 + -

1 . 3 6 3 
3 . 3 9 1 

. 3 4 5 
2 . 7 7 9 

. 3 6 7 

. 2 5 5 
5 . 3 5 3 

. 0 8 8 
. 0 2 5 
. 0 3 5 
. 0 4 5 

6 . 3 2 7 
. 0 2 8 

1 . 1 1 3 
. 1 3 6 
. 0 6 3 

1 . 6 6 7 
, 0 1 8 
, 1 1 1 
, 0 3 1 
, 0 1 1 
. 0 6 8 
. 0 4 6 
. 0 2 5 
, 0 3 6 
. 0 4 1 

- . 0 4 7 
. 0 4 4 
. 0 7 6 
. 2 5 4 
. 1 8 9 
. 3 2 5 
. 0 7 2 

1 . 0 4 1 

PERCENT -^ £ 

1 . 7 6 8 + -
3 . 9 6 8 + -

. 2 6 1 + -
2 . 7 3 7 + -

. 0 4 4 + -
. 3 6 4 + -

8 . 2 3 3 + -
. 2 8 0 + -
. 0 4 6 + -
. 1 0 8 + -
. 1 4 0 + -

2 1 . 6 7 7 + -
. 0 8 2 + -

3 . 7 8 5 + -
. 3 3 7 + -
. 0 1 6 + -

4 . 3 4 7 + -
. 0 0 6 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 8 + -
. 0 1 7 + -
. 0 1 6 + -
. 0 3 4 + -
. 0 0 0 + -
. 0 2 6 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 5 4 + -
. 6 4 6 + -
. 0 4 8 + -
. 0 0 0 + -
. 0 0 0 + -

3 . 5 1 8 + -

. 2 3 7 
. 5 8 9 
. 0 6 0 
. 4 8 1 
. 0 6 3 
. 0 4 4 
. 9 3 4 
. 0 1 6 
. 0 0 4 
. 0 0 6 
, 0 0 8 

1 . 1 5 3 
. 0 0 5 
. 2 0 3 
. 0 2 4 
. 0 1 1 
. 2 9 7 
. 0 0 3 
. 0 1 9 
. 0 0 5 
. 0 0 2 
. 0 1 2 
. 0 0 8 
. 0 0 4 
. 0 0 6 
. 0 0 7 
. 0 0 8 
. 0 0 8 
. 0 1 3 
. 0 4 5 
. 0 3 3 
. 0 5 6 
. 0 1 2 
. 189 



199/20-001 PROTOCOL: SA 

SAMPLE ID: NEA-007 
PARTICLE SIZE: F 
ANALYSIS ID: MM915 
S, REFINERY #1 
EXPOSED AREA: 2,15 SQUARE CM 
MASS OF DEPOSIT: 113.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UG/CM: 

.9594+-
2.9733+-
,1539+-

1.0946+-
,0000+-
,1958+-

2.441S+-
.1354+-
,0215+-
,0374+-
,0453+-

5.7435+-
.1130+-

3.7937+-
.3176+-
.0040+-

3.2671+-
.0148+-
.0083+-
.0000+-
.006S+-
.0000+-
.0000+-
.0123+-
.0000+-
.1440+-
.0S77+-
.0358+-
.0000+-
.7020+-
.0129+-
.0000+-
.0000+-

1. 49'96+- , 

^ 

. 1291 

.4387 

.0363 
, 1930 
. 1332 
.0257 
.2755 
. 0092 
, 0034 
. 0035 
, 0039 
,2919 
. 0077 
. 1937 
.0238 
.0055 
.1342 
. 0036 
.0158 
.0048 
.0026 
. 0062 
.0126 
.0086 
.0101 
.0179 
.0151 
.0183 
-0225 
.0812 
.0833 
,1497 
.0073 

..0787 

UG/FILTER 

2.063+-
6.393+-
.342+-

2.353+-
.000+-
,421+-

5,250+-
,291+-
.046+-
.030+-
.098+-

12.349+-
.243+-

8.167+-
.683+-
.009+-

7.024+-
.032+-
.018+-
.000+-
.015+-
.000+-
.000+-
.026+-
.000+-
-.310+-
.124+-
.077+-
.000+-

1.509+-
.028+-
.000+-
.000+-

3.224+-

.277 

.943 

.078 

.426 

.286 
,055 
.592 
. 020 
.007 
.008 
.008 
.623 
.017 
.416 
.051 
,012 
.396 
. 008 
-034 
.010 
.006 
.013 
.027 
.018 
.022 
.038 
.032 
.039 
.048 
,175 
.179 
.322 
,016 
.169 

PERCENT 

1.325+-
5.657+-
,302+-

2.083+-
.000+-
.373+-

4.646+-
.253+-
.041+-
,071+-
,087+-

10.929+-
,215+-

7,228+-
,604+-
,008+-

6,216+-
,023+-
.016+-
.000+-
.013+-
.000+-
.000+-
.023+-
.000+-
,274+-
.110+-
.068+-
.000+-

1.336+-
.025+-
.000+-
.000+-

2.853+-

,294 
.973 
.074 
.419 
.253 
.059 
.666 
. 029 
. 007 
. 009 
.011 

1, 115 
. 024 
,738 
,070 
.010 
.652 
.007 
. 030 
. 009 
.005 
.012 
.024 
.016 
.020 
.042 
.030 
.035 
.043 
.195 
.159 
.285 
.014 
.294 



199/20-003 PROTOCOL: 3 SA 

SAMPLE ID: NEA-008 
PARTICLE SIZE: F 
ANALYSIS ID: MM945 
CENTRAL CHANGE HOUSE 
EXPOSED AREA: 2.15 SQUARE CM 
MASS OF DEPOSIT: 205.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 

,'fSB : V-
BA 
LA 
HG 
PB 

UG/CN 

3.6745+-
B.7719+-
.4430+-
1.9984+-
.0000+-
.4923+-

3.3352+-
.3438+-
.0386+-
.1386+-
.0995+-

9.4945+-
.1677+-

9.6748+-
.4869+-
.0176+-

5.3333+-. 
.0504+-
.0000+-
.0000+-
.0157+-
,0152+-
.0000+-
,0171+-
.0130+-
.0436+-
.0272+-
.0153+- -

. .0719+-
r:>.6189+-
- .0000+-
^̂  .0000+-

.00,47+-
2.5656+-

12 

.4877 
1.2926 
.0998 
.3378 
.1824 
.0588 
.4372 
.0199 
. 0056 
.0086 
.0068 
.4805 
.0105 
.4905 
.0476 
.0088 
.3025 
.0047 
.0237 
.0067 
.0027 
.0092 
.0129 
.0077 
.0086 
.0136 
.0136 
.0157 
.0228 
. 0784 
.0794 
.1313 
.0167 

^.1327 

UG/FILTER 

7.900+-
18.860+-

.952+-
4,297+-
.000+-

1.058+-
8.353+-
.739+-
.083+-
.298+-
.214+-

20.413+-
.361+-

20.801+-
1.047+-
.038+-

11.467+-
.108+-
.000+-
,000+-
,034+-
,033+-
.000+-
.037+-
.028+-
.094+-
,058+-
.033+-
.155+-
1.331+- . 
.000+-
;ooo+-
.010+-

5.516+-

1.048 
2.779 
.214 
.726 
.392 
,126 
.940 
.043 
.012 
,018 
.015 

1.033 
.023 

1.055 
.102 
.019 
.650 
.010 
.051 
.014 
.006 
,020 
.028 
.017 
.018 
\029 
.029 
.034 
.049 
.169 
. 171 
.282 
.036 
.285 

PERCENT 

3.854+-
9.200+-
.465+-

2.096+-
.000+-
.516+-

4,075+-
,361+-
.040+-
,145+-
,104+-

9,958+-
.176+-

10.147+-
,511+-
.018+-

5.593+-
.053+-
.000+-
.000+-
.016+-
,016+-
,000+-
.018+-
.014+-
.046+-
.029+-
.016+-

i .075+-
;̂;•; ..649+-
•. -.000+-

.6oo+-

.005+-
2.691+-

,545 
1,428 
,107 
.369 
.191 
.067 
.500 
.027 
.006 
.011 
.009 
.700 
.014 
.714 
.056 
.009 
.418 
.006 
.025 
.007 
.003 
.010 
.014 
.008 
.009 
.014 
.014 
.016 
.024 
.088 
-.083 
.138 
.018 
.191 

. • ^ ' • r - = y - . 



199/20-003 PROTOCOL: 3 SA 

SAMPLE ID: NEA-009 
PARTICLE SIZE: F 
ANALYSIS ID: MM947 
SURFICIAL DUST SAMPLE 
EXPOSED AREA: 2.15 SQUARE CM 
MASS OF DEPOSIT: 189.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

T UG/CN 

4,3325+-
14,2395+-

,2541+-
1,4135+-
.0000+-
,6931+-

2.63S5+-
.3457+-
.0330+-
.0500+-
.0964+-

9.0630+-
.0435+-
1.3631+-
.2S65+-
.0070+-

3.2408+-
.0154+-
.0114+-
.0000+-
.0184+-
.0120+-
.0000+-
.0000+-
.0186+-
.0236+-
.0122+-
.0287+-
.0406+-
.1830+-
.1648+-
.0000+-
.0756+-
1.4710+-

12 

.6405 
2. 1051 
.0575 
.2245 
.1059 
.0815 
.2976 
. 0200 
. 0055 
, 0042 
.0064 
. 4590 
. 0039 
.0709 
.0171 
. 0053 
.1824 
. 0032 
.0158 
.0047 
.0027 
. 0060 
.0121 
.0074 
. 0093 
.0118 
.0120 
.0165 
.0203 
.0575 
,0824 
.1351 
.0269 

...0772 

UG/FILTER 

10.390+-
30.722+-

.546+-
3,050+-
.000+-

1.501+-
5,673+-
.743+-
.071+-
.108+-
.207+-

19,496+-
.094+-

2.941+-
.616+-
.015+-

6.968+-
.033+-
.025+-
.000+-
.040+-
.026+-
.000+-
.000+-

. .040+-
" .051+-

.026+-

.062+-

.087+-

.393+-

.354+-

.000+-

.163+-
3.163+-

1.377 
4.526 
. 124 
.433 
.228 
. 175 
.640 
,043 
.012 
.009 
.014 
.987 
.008 
. 152 
.0.37 
.011 
.392 
.007 
.034 
.010 
.006 
.013 
.026 
.016 
.020 
.025 
.026 
.035 
.044 

; .124 
.177 
. 290 
.058 
.166 

PERCENT 

5,497+-
16,255+-

.2S9+-
1.614+-
.000+-
.794+-

3.001+-
,393+-
.033+-
.057+-
.110+-

10.315+-
.049+-

1.556+-
.326+-
.003+-

3.687+-
.018+-
.013+-
.000+-
.021+-
.014+-
.000+-
.000+-
.021+-
. 027+-: 
.014+-
.033+-
.046+-
.208+-
.187+-
.000+-
.086+-

1.673+-

.734 
2.544 
. 067 
.269 
. 120 
. 102 
..374 
.031 
. 007 
. 006 
. 009 
,735 
.005 
. 115 
.026 
.006 
.235 
. 004 
,013 
,005 
.003 
. 007 
.014 
. 003 
.011 
,013 
.014 
.019 
.023 
.066 
,094 
,154 
,031 
.125 



^I"--^: 

199/20-003 PROTOCOL: SA 

SAMPLE ID: NEA-010 
PARTICLE SIZE: F 
ANALYSIS ID: MM949 
UPPER STACK AREA 
EXPOSED AREA: 2. 
MASS OF DEPOSIT: 

15 SQUARE CM 
111.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

T UG/CN 

2.8207+-
8.6730+-
.1085+-
.3542+-
.0000+-
.4131+-

1.2125+-
,1982+-
.0164+-
.0556+-
.0610+-

3.9286+-
.0445+-
.5836+-
.0899+-
.0043+-

3.2268+-
.0089+-
.0000+-
.0000+-
.0059+-
.0117+-
.0000+-
.0000+-
-0159+-
.0228+-
.0000+-
.0173+-
.0123+-
.4091+-
.0000+-
.0000+-
.04.18+-
.4553+-

12 

.3746 
1.2780 
.0250 
.0752 
.1197 
.0501 
.1378 
.0125 
. 0037 
.0044 
.0046 
.2007 
.0040 
.0313 
.0067 
.0023 
.1658 
.0024 
.0153 . 
.0044 
.0024 
,0035 
,0124 
,0074 
,0092 
.0114 
.0115 
,0166 
,0196 
.0618 
.0736 
.1391 
.0223 

. ,0259 

UG/FILTER 

6.064+-
18.647+-

.233+-

.761+-

.000+-

.899+-
2.607+-
.426+-
.035+-
.120+-
.131+-

8,446+-
.096+-
1.255+-
.193+-
.009+-

6.938+-
.019+-
.000+-
.000+-
.013+-
.025+-
.000+-
.000+-
.034+-
.049+-
.000+-
.037+-
.026+-
.880+-
,000+-
,000+-
.090+-
.979+-

.805 
2.748 
.054 
. 162 
.257 
. 108 
.296 
.027 
.008 
.009 
.010 
.432 
.009 
.067 
.014 
.005 
.356 
.005 
.033 
.009 
.005 
.008 
.027 
.016 
.020 
.025 
.025 
.036 
.042 
.133 
.158 
.299 
,048 
,056 

PERCENT ~- : 

5.463+-
16.799+-

.210+-

.686+-

.000+-

.810+-
2.348+-
.384+-
.032+-
.103+-
.118+-

7.609+-
.086+-
1.130+-
.174+-
.008+-

6.250+-
,017+-
.000+-
,000+-
,011+-
,023+-
.000+-
.000+-
.031+-
.044+-
.000+-
.034+-
.024+-

. ,792+-
.000+-
,000+-
.081+-
.882+-

.877 
2,901 
.052 
.15ff 
.232 
.121 
.341 
.042 
.008 
.013 
.014 
.788 
.011 
.119 
.020 
.005 
.648 
.005 
.030 
,009 
,005 
.007 
.024 
.014 
.018 
.022 
,022 
.032 
.038 
.139 
.143 
.269 
.044 
,094 



199/20-00' PROTOCOL! SA 

SAMPLE ID: NEA-011 
PARTICLE SIZE: F 
ANALYSIS ID: MM931 
N. SIDE UPPER STACK AREA 
EXPOSED AREA: 2. 15 SQUARE CM 
MASS OF DEPOSIT: 181.+- 10. MICROGRAMS 

EMEN 

AL 
SI 
P 

s 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

T UG/C^ 

5.7851+-
13,7940+-

,2167+-
1,0406+-
,0000+-
,7274+-

6.3367+-
,4113+-
.0250+-
,0433+-
.0922+-

6.5406+-
.0464+-
.9341+-
.6010+-
.0068+-

2.8012+-
.0123+-
.0000+-
.0000+-
,0216+-
,0074+-
,0000+-
.0117+-
,0223+-
.0280+-
.0213+-
.0380+-
.0000+-

1.6170+-
.0000+-
.0000+-
.0456+-

1.5254+-

2 

.7662 
2.0322 
, 0497 
, 1914 
, 1538 
.0854 
.7117 

. 0058 

.0039 
, 0062 
.3320 
. 0042 
. 0490 
.0322 
.0056 
. 1640 
.0029 
.0137 
.0044 
. 0033 
. 0064 
,0149 
.0098 
,0113 
,0140 
,0153 
,0208 
,0257 
,1524 
.0937 
.1653 
.0242 

^.0801 

UG/FILTER 

12.438+-
29.657+-

,466+-
2.237+-
,000+-

1,564+-
13,624+-

-S85+-
,054+-
.094+-
.198+-

14.062+-
.100+-

2.008+-
1.292+-
.015+-

6.023+-
.026+-
.000+-
.000+-
.046+-
.016+-
.000+-
.025+-
.048+-
.060+-
,046+-
.082+-
.000+-

3,477+-
,000+-
,000+-
,098+-

3.280+-

1.647 
4.369 
. 107 
.411 
.331 
. 184 
1. 530 
. 050 
.012 
.003 
.013 
.714 
. 009 
. 105 
.069 
.012 
.353 
.006 
.029 
.009 
.007 
.014 
.032 
.021 
.024 
.030 
.033 
.045 
.055 
.328 
.201 
.355 
.052 
.172 

PERCENT 

6.372+-
16.335+-

.257+-
1.236+-
.000+-
.364+-

7.527+-
.489+-
.030+-
.052+-
.110+-

7.769+-
.055+-

1.110+-
.714+-
.008+-

3.327+-
.015+-
.000+-
.000+-
.026+-
.009+-
.000+-
.014+-
.026+-
.033+-
.025+-
.045+-
.000+-

1.921+-
.000+-
.000+-
.054+-

1.812+-

,936 
2.573 
.061 
.237 
. 133 
. 112 
,942 
.039 
. 007 
. 005 
.010 
.533 
. 006 
.085 
,055 
,007 
.268 
,004 
.016 
.005 
, 004 
.008 
.018 
.012 
.014 
.017 
.018 
.025 
.031 
.210 
.111 
.196 
.029 
.138 



199/20-001 PROTOCOL: 3 SA 

SAMPLE ID: NEA-012 
PARTICLE SIZE; F 
ANALYSIS ID: MM917 
N.W. UPPER STACK AREA 
EXPOSED AREA; 2,15 SQUARE CM 
MASS OF DEPOSIT; 157.+- 10. MICROGRAMS 

_f 

EMEN1 

AL . 
SI -
P . 
S — 
CL 
K -
CA . 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB -
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UG/CM2 

3,1415+-
3.3360+-
.2511+-

1.5032+-
.0000+-
.5415+-

2,2451+-
,2523+-
.0168+-
.02S7+-
.0595+-

5,5675+-
,0208+-
.8725+-
.6673+-
,0124+-

4,9953+-
,0000+-
.0000+-
.0000+-
.0111+-
.0279+-
.0000+-
.0053+-
.0256+-
,0189+-
.1221+-
,0358+-
.1495+-
.5659+-
.0000+-
.0000+-
.0664+-

5.3479+-

.4172 
1.2284 
.0568 
.5186 
.0857 
.0643 
.2535 
.0153 
.0042 
.0031 
.0046 
.2831 
.0028 
. 0459 
.0354 
.0170 
.3791 
.0046 
.0244 
.0073 
.0035 
.0181 
.0172 
.0103 
.0128 
.0140 
,0201 
,0219 
.0294 
.0790 
.1013 
.1814 
.0341 

^,2739 

UG/FILTER 

6.754+-
17.922+-

.540+-
3.232+-
-000+-

1.164+-
4.827+-
.542+-
.036+-
.062+-
.128+-

11,970+-
.045+-

1.876+-
1.435+-
.027+-

10.740+-
.000+-
.000+-
,000+-
.024+-
.060+-
.000+-
.011+-
.055+-
.041+-
.263+-
.077+-
.321+-

1.217+-
.000+-
.000+-
.143+-

11.498+-

.897 
2.641 
.122 

1. 115 
.184 
,138 
.545 
. 033 
.009 
.007 
.010 
.609 
,006 
.099 
,076 
,037 
.815 
.010 
.052 
.016 
,008 
,039 
,037 
.022 
.028 
.030 
.043 
.047 
.063 
.170 
.218 
.390 
.073 
.589 

PERCENT -

4.302+-
11.416+-

.344+-
2,058+-
.000+-
.742+-

3.074+-
.346+-
.023+-
.039+-
.081+-

7.624+-
.028+-

1,195+-
,914+-
,017+-

6.841+-
.000+-
.000+-
.000+-
.015+-
.038+-
.000+-
.007+-
.035+-
,026+-
,167+-
,049+-
,205+-
.775+-
.000+-
.0O0+-
.091+-

7.324+-

.634 
1.833 
.081 
.722 
.117 
. 100 
.399 
. 030 
. 006 
.005 
.008 
.621 
.004 
.099 
.076 
,023 
.678 
.006 
.033 
.010 
.005 
.025 
.024 
.014 
.018 
.019 
.030 
.030 
.042 
.119 
.139 
.248 
.047 
.599 



199/20-003 PROTOCOL: SA 

SAMPLE ID: NEA-013 
PARTICLE SIZE: F 
ANALYSIS ID: MM939 
UPPER STACK AREA - N.E. 
EXPOSED AREA: 
MASS OF DEPOSIT: 

SIDE 
15 SQUARE CM 
157.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UG/C 

4.4506+-
12,6530+-

.1968+-
1.1663+-
.0163+-
,6309+-

2,5429+-
,2602+-
,0191+-
.0272+-
.0640+-

4,5265+-
.0242+-
,6002+-
.3131+-
.0030+-

2.5202+-
.0076+-
.0000+-
.0000+-
.0142+-
.0097+-
.0000+-
.0000+-
.0048+-
.0000+-
.0395+-
.0205+-
.0177+-
.2430+-
.1056+-
,0000+-
,0681+-

1,7958+-

M2 

.5399 
1,8641 
. 0448 
.2227 
.0348 
. 0740 
.2868 
.0156 
, 0043 
. 0029 
. 0047 
. 2307 
. 0023 
.0321 
.0176 
. 0062 
.1600 
. 0030 
.0128 
. 0040 
.0027 
. 0069 
.0124 
. 0076 
.0085 
.0113 
.0141 
.0166 
,0219 
.0521 
.0798 
.1334 
.0213 

^.0937 

UG/FILTER . 

9,569+-
27,204+-

,423+-
2.509+-
.035+-

1.356+-
5.467+-
.559+-
,041+-
.058+-
.138+-

9,732+-
,052+-

1,290+-
,673+-
.006+-

5.418+-
.016+-
.000+-
.000+-
.031+-
.021+-
.000+-
.000+-
.010+-
.000+-
.085+-
.044+-
.038+-
.522+-
.227+-
.000+-
.146+-

3.861+-

1.263 
4-008 
,096 
,479 
,075 
, 159 
,617 
. 034 
. 009 
. 006 
.010 
.496 
. 006 
.069 
.038 
.013 
.344 
.006 
.028 
. 009 
.006 
.015 
.027 
.016 
.018 
.024 
.030 
.036 
.047 
.112 
. 172 
.287 
.046 
.201 

PERCENT 

6.095+-
17.327+-

.270+-
1.598+-
.022+-
.S64+-

3.4S2+-
,356+-
.026+-
.037+-
.083+-

6.199+-
.033+-
.322+-
.429+-
.004+-

3.451+-
.010+-
.000+-
.000+-
.019+-
.013+-
.000+-
.000+-
.007+-
.000+-
.054+-
.02S+-
.024+-
.333+-
.145+-
.000+-
.093+-

2.459+-

.896 
2.731 
,064 
.321 
,043 
, 115 
.451 
.031 
. 006 
. 005 
. 009 
. 506 
. 004 
,063 
.0.36 
. 008 
,310 
,004 
.018 
.005 
.004 
.009 
.017 
.010 
.012 
.015 
,020 
.023 
.031 
.074 
.110 
.183 
.030 
.202 



'""'-^-'— - T l ir'^'HH'-'-"-''-''r'"-^-rii 

1 9 9 / 2 0 - 0 0 1 PROTOCOL: SA 

SAMPLE I D : NEA-014 
PARTICLE S I Z E : F 
ANALYSIS I D : MM919 
GODFREY ROASTER 
EXPOSED AREA: 2 . 
MASS OF DEPOSIT: 

15 SQUARE CM 
1 4 0 . + - 1 0 . MICROGRAMS 

ELEMENT 

AL 
S I 
P 
s: -
CL 
K 
CA 
T I -
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UG/CM 

1 . 4 0 9 0 + -
5 . 1 8 7 2 + -

. 1 5 2 9 + -
1 . 7 6 1 6 + -

. 0 0 0 0 + -
. 3 0 9 3 + -

2 . 3 4 0 2 + -
. 2 0 2 3 + -
. 0 1 3 5 + -
. 0 1 8 7 + -
. 0 4 3 3 + -

3 . 6 9 2 S + -
. 0 2 6 6 + -

1 . 2 4 8 1 + -
. 2 6 8 2 + -
. 0 0 0 0 + -

1 3 . 3 2 5 7 + -
. .3364+-
. 4 5 8 0 + -
. 0 0 0 0 + -
. 0 3 7 4 + -
. 0 0 0 0 + -
. 0 1 8 5 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 0 0 0 + -
. 0 3 8 1 + -
.. 0 2 8 2 + -
. 0 0 0 0 + -

2 . 0 8 1 1 + -
. 0 2 0 4 + -
. 2 4 2 1 + -

1 . 9 5 9 0 + -
1 . 0 4 6 5 + - , 

. 1 9 3 2 

. 7 6 4 7 

. 0 3 4 9 

. 2 3 3 4 

. 1 5 2 7 

. 0 3 8 2 
. 2 6 4 1 
. 0 1 2 7 
. 00.36 
. 0 0 2 5 
. 0 0 3 7 
. 1 8 8 8 
. 0 0 3 0 
. 0 6 4 9 
. 0 1 6 1 
. 0 0 4 2 
. 6 7 5 3 
. 0 2 5 6 
. 0 8 2 5 
. 0 2 2 4 
. 0 0 3 6 
. 0 0 7 2 
. 0 1 3 1 
. 0 0 9 0 
. 0 1 3 8 
. 0 1 3 8 
. 0 1 4 7 
. 0 1 8 7 
. 0 2 3 9 
. 1353 
. 0 8 6 9 
. 1 6 2 5 
. 4 4 1 6 

. . 0 5 5 8 

UG/FILTER 

3 . 0 2 9 + -
1 1 . 1 5 2 + -

. 3 2 9 + -
3 . 7 8 8 + -

. 0 0 0 + -

. 6 6 5 + -
5 . 0 3 1 + -

. 4 3 6 + -
. 0 2 9 + -
. 0 4 0 + -
. 0 9 3 + -

7 . 9 4 0 + -
. 0 5 7 + -

2 . 6 8 3 + -
. 5 7 7 + -
. 0 0 0 + -

2 8 . 6 5 0 + -
. 8 3 1 + -
. 9 8 5 + -
. 0 0 0 + -
. 0 8 0 + -
. 0 0 0 + -
. 0 4 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 8 2 + -
. 0 6 1 + -
. 0 0 0 + -

4 . 4 7 4 + -
. 0 4 4 + -
. 5 2 1 + -

4 . 2 1 2 + -
2 , 2 5 0 + -

, 4 1 5 
1 , 6 4 4 

. 0 7 5 

. 5 0 2 
. 3 2 8 
. 0 8 2 
. 5 6 8 
. 0 2 7 
, 0 0 8 
. 0 0 5 
. 0 0 8 
. 4 0 6 
. 0 0 6 
. 1 4 0 
. 0 3 5 
. 0 0 9 

1 . 4 5 3 
. 0 5 5 
. 1 7 7 
. 0 4 8 
. 0 0 8 
, 0 1 5 
. 0 2 8 
. 0 1 9 
. 0 3 0 
. 0 3 0 
, 0 3 2 
, 0 4 0 
, 0 5 1 
. 2 9 1 
. 1 8 7 
. 3 4 9 
. 9 4 9 
. 1 2 0 

PERCENT 

2 . 1 6 4 + -
7 . 9 6 6 + -

. 2 3 5 + -
2 . 7 0 5 + -

. 0 0 0 + -
. 4 7 5 + -

3 . 5 9 4 + -
. 3 1 1 + -
. 0 2 1 + -
. 0 2 9 + -
. 0 6 6 + -

5 . 6 7 1 + -
. 0 4 1 + -

1 . 9 1 7 + -
. 4 1 2 + -
. 0 0 0 + -

2 0 . 4 6 4 + -
. 5 9 3 + -
. 7 0 3 + -
. 0 0 0 + -
. 0 5 7 + -
. 0 0 0 + -
. 0 2 8 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 0 0 + -
. 0 5 9 + -
. 0 4 3 + -
. 0 0 0 + -

3 . 1 9 6 + -
, 0 3 1 + -
, 3 7 2 + -

3 . 0 0 8 + -
1 . 6 0 7 + -

. 3 3 5 
1 . 3 0 5 

. 0 5 6 

. 4 0 7 

. 2 3 4 
. 0 6 8 
. 4 8 0 
. 0 3 0 
. 0 0 6 
. 0 0 4 
. 0 0 7 
. 4 9 8 
. 0 0 5 
. 1 6 9 
. 0 3 8 
. 0 0 6 

1 . 7 9 3 
. 0 5 8 
. 1 3 6 
. 0 3 4 
. 0 0 7 
. 0 1 1 
. 0 2 0 
, 0 1 4 
. 0 2 3 
, 0 2 2 
. 0 2 3 
, 0 2 9 
, 0 3 8 
. 2 6 7 
. 1 3 3 
. 2 5 1 
. 7 1 1 
, 1 4 3 



\ 

199/20-001 PROTOCOL: SA 

SAMPLE ID: NEA-015 
PARTICLE SIZE: F 
ANALYSIS ID: MM921 
ARSENIC KITCHEN 
EXPOSED AREA: 2.15 SQUARE CM 
MASS OF DEPOSIT: 294.+- 10. MICROGRAMS 

ELEMENT " UG/CM2 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

3.5316+-
11,2530+-

,3063+-
1.5722+-
.0000+-
.7142+-

4,5131+-
. .3460+-
.0302+-
,0497+-
.1019+-

10.5892+-
.0654+-

3.3113+-
.9898+-
,0459+-

21.8211+-
.2073+-
.2430+-
,0000+-
.0000+-
,0000+-
.0000+-
,0000+-
.0000+-
,0000+-
,0767+-
,0706+-
,0000+-

2.0S11+-
.0131+-
.0146+-

1. 03.79+-
7,1341+-

.4729 
1.6580 
.0693 
, 6803 
,1144 
.0841 
.5081 
. 0200 
, 0054 
, 0042 
, 0067 
. 5355 
,0052 
. 1691 
.0534 
.0226 

1.1645 
. 0208 
,1092 
. 0298 
.0042 
.0248 
.0182 
.0114 
.0219 
.0182 
.0248 
.0207 
.0373 
,2468 
,0932 
.1691 
.2734 

^,3645 

UG/FILTER 

7.593+-
24,194+-

,659+-
3, .330+-
,000+-

1,536+-
9,714+-
.744+-
.065+-
.107+-
.219+-

22,767+-
,141+-

7,119+-
2.128+-
.099+-

46.915+-
.446+-
.522+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.165+-
.152+-
.000+-

4.474+-
.028+-
.031+-

2.231+-
15.338+-

1.017 
3.565 
. 149 

1.463 
.246 
. 181 

1. 092 
,043 
.012 
.009 
.014 

1. 151 
.011 
.364 
.115 
,049 

2,504 
.045 
.235 
.064 
.009 
.053 
.039 
.025 
.047 
.039 
.053 
.045 
.080 
.531 
.200 
.364 
.588 
.784 

PERCENT 

2.583+-
3.229+-
.224+-

1.150+-
.000+-
.522+-

3.304+-
.253+-
.022+-
.036+-
.075+-

7.744+-
.043+-

2.422+-
.724+-
.034+-

15.95S+-
.152+-
.173+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
,0S6+-
.052+-
.000+-

1.522+-
.010+-
.011+-
,759+-

5.217+-

. 357 
1.244 
.051 
.499 
. 084 
. 064 
.333 
. 017 
. 004 
. 003 
. 006 
.472 
. 004 
. 149 
.046 
.017 

1.010 
.016 
. 030 
.022 
.003 
.018 
.013 
.008 
.016 
.013 
.018 
.015 
.027 
.188 
.068 
.124 
.202 
,320 



199/20-003 PROTOCOL: 3 SA 

SAMPLE ID: NEA-016 
PARTICLE SIZE: F 
ANALYSIS ID: MM951 
GODFREY ROASTER - N. 
EXPOSED AREA: 2.15 SQUARE CM 
MASS OF DEPOSIT: 381.+- 10. MICROGRAMS 

ELEMEN 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

JT UG/CM2 

7.2929+-
20.1723+-

.3713+-
3.8928+-
.0000+-
1..2161+-
7.3396+-
,5433+-
.0437+-
,0642+-
.1550+-

11.162S+-
.0750+-

3.0858+-
1.0951+-
.0000+-

27.2310+-
.3241+-
.2177+-
.0000+-
.0255+-
.0000+-
.0000+-
.0317+-
.0000+-
.0000+-
.0000+-
.0000+-
.1114+-

3.8318+-
.0426+-
.0046+-

1,4497+-
2,8410+-

.9689 
2.9715 
, 0840 
.5243 
. 1698 
.1402 
.8241 
, 0300 
. 0075 
, 0050 
.0093 
.5643 
.0057 
.1577 
.0583 
.0098 

1.3833 
.0254 
.1316 
.0357 
.0042 
.0133 
.0143 
.0087 
.0236 
.0179 
.0192 
.0185 
.0240 
.2316 
.0803 
.1442 
.3701 

^.1467 

UG/FILTER 

15.680+-
43.370+-

.798+-
8,369+-
.000+-

2.615+-
15.780+-
1.168+-
.094+-
.138+-
.333+-

24.000+-
.161+-

6.634+-
2.354+-
.000+-

58.547+-
.697+-
.468+-
.000+-
.055+-
.000+-
.000+-
.068+-
.000+-
.000+-
.000+-
.000+-
.240+-

8.238+-
.092+-
.010+-

3.117+-
6.108+-

2.083 
6.389 
.181 

1.127 
.365 
,301 

1./72 
,065 
.016 
,011 
.020 

1.213 
.012 
.339 
.125 
.021 

2.974 
.055 
.283 
.077 
.009 
.029 
.031 
,019 
,051 
,038 
,041 
.040 
.052 
.498 
.173 
.310 
.796 
.315 

PERCENT 

4.115+-
11.383+-

.210+-
2.197+-
.000+-
.686+-

4.142+-
.307+-
.025+-
.036+-
.087+-

6.299+-
.042+-

1.741+-
,618+-
.000+-

15,367+-
.183+-
.123+-
.000+-
.014+-
.000+-
.000+-
,018+-
,000+-
,000+-
.000+-
.000+-
.063+-

2.162+-
.024+-
,003+-
,818+-

1,603+-

.557 
1.703 
.048 
.301 
.096 
.081 
.478 
.019 
.004 
.003 
.006 
..359 
.003 
. 100 
.037 
.006 
.879 
.015 
.074 
.020 
.002 
.008 
.008 
,005 
.013 
,010 
,011 
,010 
.014 
,142 
.045 
.081 
.210 
.093 



199/20-003 PROTOCOL: 3 SA 

SAMPLE ID: NEA-017 
PARTICLE SIZE: F 
ANALYSIS ID: MM935 
GODFREY ROASTER - CENTER AREA 
EXPOSED AREA: 2.15 SQUARE CM 
MASS OF DEPOSIT: 205.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
P 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UG/Cf 

2.9300+-
9,5334+-
.1357+-

2.S637+-
.0000+-
.5975+-

3.4776+-
.2324+-
,0160+-
,0371+-
.0544+-

6.2370+-
.0300+-

1.2592+-
.2323+-
.0000+-

15.0131+-
.1461+-
.1513+-
.0000+-
.0064+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-
.0000+-

2.0454+-
.0000+-
.0000+-
.9020+-

1.2009+-

12 

.3978 
1.4048 
.0423 
.3216 
.1595 
.0705 
.3915 
.0163 
, 0044 
, 0035 
. 0043 
.3192 
.0032 
.0654 
.0145 
.0048 
.7613 
.0133 
.0746 
. 0202 
. 0034 
.0071 
.0142 
.0087 
.0139 
.0133 
.0153 
.0181 
.0233 
.1254 
.0846 
.1507 
.2282 

.. .0636 

UG/FILTER 

6.407+-
20,497+-

.399+-
5.512+-
.000+-

1.285+-
7,477+-
,607+-
,034+-
.080+-
.117+-

1.3,517+-
,065+-

2,707+-
.499+-
,000+-

32.273+-
.314+-
.325+-
.000+-
.014+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-

4.398+-
.000+-
.000+-

1.939+-
2.582+-

.855 
3.020 
.091 
,691 
. 343 
. 152 
.342 
. 036 
. 009 
.008 
,009 
,686 
.007 
.141 
.031 
.010 

1.637 
.029 
. 160 
.043 
.007 
.015 
.031 
.019 
.030 
.029 
.033 
.039 
.050 
.270 
.182 
.324 
.491 
.137 

PERCENT 

3.125+-
9.993+-
.195+-

2-689+-
.000+-
.627+-

3,647+-
.296+-
.017+-
.039+-
.057+-

6,594+-
,031+-

1..321+-
.244+-
.000+-

15.745+-
.153+-
.159+-
.000+-
.007+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-
.000+-

2.145+-
.000+-
.000+-
.946+-

1.259+-

.444 
1.552 
.045 
.362 
. 167 
. 030 
,443 
. 023 
. 005 
. 004 
. 005 
.464 
.004 
. 094 
.019 
.005 

1.103 
.016 
.079 
.021 
.004 
,007 
.015 
.009 
.015 
.014 
,016 
.019 
.024 
.168 
,089 
.158 
.244 
.091 



199/20-008 PROTOCOL: 3 SA 

SAMPLE ID: NEA-OIS 
PARTICLE SIZE: F 
ANALYSIS ID: MN377 
ENGINEERING WAREHOUSE 
EXPOSED AREA: 2.15 SQUARE CM 
MASS OF DEPOSIT: 155.+- 10. MICROGRAMS 

.EMEN-

AL • 
SI 
P 
S 
C L ^ 
K 
CA -
TI 
V 
CR • 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

T UG/CM2 

3.2329+-
S.6631+-
.1570+-
,3483+-
.0619+-
,4778+-

2.2428+-
.2669+-
.0305+-
.0294+-
-0681+-

4,5976+-
,0427+-

1,4387+-
.4174+-
.0065+-

7.7263+-
.1432+-
.0937+-
.0000+-
.0170+-
.0000+-
.0000+-
.0082+-
.0230+-
.0044+-
.0638+-
.0348+-
.0498+-
.4/50+-
.0000+-
.0000+-
.5919+-

1.5918+-

.4296 
1.2766 
.0358 
.1861 
.0335 
.0571 
.2532 
.0160 
. 0048 
. 0032 
. 0050 
. 2.343 
.0040 
.0745 
.0235 
.0057 
. 4000 
. 0086 
.0397 
.0109 
.0030 
.0069 
.0139 
.0092 
.0115 
.0119 
.0162 
,0196 
.0249 
.0889 
.0874 
.1615 
.1197 

^.0834 

UG/FILTER 

6.951+-
18.626+-

.338+-
1,824+-
,133+-

1.027+-
4.822+-
.574+-
.066+-
.063+-
.146+-

9,885+-
.092+-

3.093+-
.897+-
,014+-

16.612+-
.308+-
.201+-
.000+-
.037+-
,000+-
.000+-
.018+-
.049+-
.009+-
.137+-
.075+-
. 107+-

i.021+-
.000+-
.000+-

1,273+-
3,422+-

.924 
2.745 
.077 
.400 
,072 
.123 
.544 
.034 
.010 
.007 
.011 
.504 
.009 
.160 
,051 
,012 
.860 
.018 
.085 
.023 
.006 
.015 
.030 
.020 
.025 
.026 
.035 
.042 
.054 
.191 
.188 
,347 
,257 
.179 

PERCENT . 

4.484+-
12.017+-

.218+-
1,177+-
,086+-
.663+-

3.111+-
.370+-
.042+-
.041+-
.094+-

6.377+-
.059+-

1.996+-
.579+-
.009+-

10.717+-
.199+-
.130+-
.000+-
.024+-
.000+-
.000+-
.011+-
.032+-
.006+-
.0S8+-
.048+-

..069+-
.659+-
.000+-
.000+-
.821+-

2,208+-

,662 
1.933 
.052 
.269 
.047 
.090 
.405 
.033 
. 007 
.005 
. 009 
,524 
.007 
.165 
.050 
.008 
.887 

. .013 
.056 
.015 
.004 
.010 
.019 
.013 
.016 
.017 
.023 
.027 
.035 
,130 
,121 
.224 
.174 
,184 



199/20-001 PROTOCOL: 3 SA 

SAMPLE ID: NEA-019 
PARTICLE SIZE: F 
ANALYSIS ID: MM923 
N. COOLING POND 
EXPOSED AREA: 2. 
MASS OF DEPOSIT: 

15 SQUARE CM 
141.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
P 

s 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UG/CM 

4,2370+-
11.7169+-
1.5340+-
.43S3+-
.0000+-
.5803+-

3.4555+-
.2409+-
.0357+-
.0196+-
.0426+-

3.0067+-
.0126+-

1.2404+-
.0620+-
. 00.33+-

1,7365+-
.0343+-
,0385+-
.0000+-
.0150+-
.0030+-
.0122+-
.0000+-
.0066+-
.0153+-
.0208+-
.0000+-
.0470+-
.2083+-
.1704+-
,0000+-
,1730+-
,4349+-

12 

-5617 
1,7263 
. 3437 
.0314 
.1016 
.0635 
. 3890 
,0147 
.0048 
. 0027 
. 0037 
.1543 
. 0022 
.0645 
.0073 
.0022 
.0919 
.0038 
.0106 
.0036 
.0029 
.0037 
.0130 
.0090 
.0099 
.0124 
.0144 
.0183 
.0235 
.0556 
.0941 
.1554 
.0406 

^.0250 

UG/FIL 

9.110+-
25.191+-
3.293+-
.942+-
.000+-
1.248+-
7.429+-
.513+-
.077+-
.042+-
,092+-

6.464+-
,027+-

2.667+-
.133+-
.007+-

3.733+-
.074+-
.083+-
.000+-
.032+-
.006+-
.026+-
.000+-
.014+-
.033+-
.045+-
.000+-
.101+-
.448+-
.366+-
.000+-
. 372+--
.935+-

TER 

1.203 
3.712 
.739 
. 175 
.213 
. 147 
.836 
. 032 
.010 
. 006 
.003 
. .332 
. 005 
.139 
.016 
.005 
. 198 
.008 
,023 
.008 
.006 
.003 
.028 
.019 
.021 
.027 
.031 
.039 
.051 
. 120 
.202 
.334 
.087 
.054 

PERCENT 

6.461+-
17.366+-
2.339+-
.668+-
.000+-
,385+-

5.269+-
.367+-
.054+-
.030+-
.065+-

4.585+-
.019+-

1,891+-
,095+-
,005+-

2.64S+-
.052+-
.059+-
.000+-
,023+-
.005+-
.019+-
.000+-
.010+-
.023+-
.032+-
.000+-
.072+-
.318+-
.260+-
.000+-
.264+-
.663+-

,971 
2.921 
.550 
. 133 
. 155 
, 122 
.701 
. 034 
. OOS 
. 005 
. 007 
.401 
. 004 
, 166 
.013 
. 003 
,234 
. 007 
.017 
.005 
.005 
. 006 
.020 
,014 
.015 
.019 
.022 
,028 
,036 
.088 
.145 
,237 
.065 
,061 



\ : 

199/20-001 PROTOCOL: SA 

SAMPLE ID: NEA-020 
PARTICLE SIZE; F 
ANALYSIS ID: MM925 
COOLING POND 
EXPOSED AREA: 2.15 SQUARE CM 
MASS OF DEPOSIT: 116.+- 10. MICROGRAMS 

i 

" 

ELEMENT 

AL 
SI • 
P 

s" 
CL -
K 
CA 
TI 
V 
CR ' 
MN • 
FE 
NI -
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

UG/CM2 

7.7762+-
8,7137+-
3,5704+-
.5227+-
,0000+-
.5970+-

6.8627+-
.2267+-
,0286+-
.0342+-
.0673+-

2.9354+-
.0296+-

2.8191+-
.0621+-
.0056+-
,3501+-
.0291+-
.0205+- • 
.0000+-
.0383+-
.0026+-
.0003+-
.0000+-
,0000+-
.0544+-
.0162+-
,0361+-
,0733+-
,1715+-
,1329+-
,1334+-
,0280+-
.5885+-

1.0292 
1.2848 
.7992 
.0955 
.1212 
.0711 
. 7707 
.0139 
. 0044 
. 0034 
. 0050 
.1507 
.0033 
.1442 
,0130 
, 0028 
. 0545 
, 0035 
. 0059 
.0028 
.003/ 
.0040 
.0137 
.0097 
.0099 
.0145 
,0148 
.0203 
,0251 
.0554 
.0963 
.1721 
.0140 
. 0328 

UG/FILTER 

16.719+-
18.745+-
7.676+-
1,124+-
,000+-

1.284+-
14,755+-

.487+-

.061+-

.074+-

.145+-
6.311+-
.064+-

6.061+-
.134+-
.012+-

1.32S+-
.063+-
.044+-
.000+-
.082+-
.006+-
.001+-
.000+-
.000+-
-117+-
.035+-
.078+-
,158+-
.369+-
.286+-
.287+-
.060+-

1.265+-

2.213 
2.762 
1.718 
.205 
.261 
.153 

1.657 
.030 
.009 
.007 
.011 
.324 
-007 
.310 
.028 
.006 
. 117 
.008 
.013 
.006 
.008 
.009 
.029 
.021 
.021 
.031 
.032 
.044 
.054 
.119 
.207 
.370 
.030 
.071 

PERCENT 

14.413+-
16.160+-
6.618+-
.969+-
.000+-

1.107+-
12.720+-

.420+-

.053+-

.063+-

.125+-
5.441+-
.055+-

5.225+-
.115+-
.010+-

1.576+-
.054+-
.038+-
.000+-
.071+-
.005+-
.001+-
.000+-
.000+-
.101+-
.030+-
.067+-
.136+-
.318+-
.246+-
.247+-
.052+-

1.091+-

2.277 
2.759 
1.587 
. 196 
.225 
.163 

1,801 
.044 
.009 
. 008 
.014 
.546 
.008 
.524 
.026 
.005 
.169 
.008 
.011 
.005 
.009 
.007 
.025 
.018 
.018 
.028 
.028 
.038 
.048 
.106 
.180 
.320 
.026 
.112 



199/20-00" PROTOCOL: SA 

SAMPLE ID: NEA-021 
PARTICLE SIZE: F 
ANALYSIS ID: MM937 
PARKING LOT N. OF ADMINISTRATION BUILDING 
EXPOSED AREA: 2.15 SQUARE CM 
MASS OF DEPOSIT: 150.+- 10. MICROGRAMS 

•EMEN 

AL 
SI 
F 
S 
CL 
K 
CA 
TI 
V 
CR 
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB 

IT UG/CI-

4.6397+-
11.6331+-

.3942+-
,6919+-
,0000+-
,5311+-

2,3010+-
.3775+-
,0303+-
.0620+-
,0821+-

4.3249+-
.0533+-
1.5543+-
.1555+-
.0036+-

1,5248+-
.0260+-
,0000+-
.0000+-
.0109+-
.0101+-
.0000+-
.0075+-
.0000+-
.0078+-
.0066+-
.0122+-
.0003+-
.1327+-
,0432+-
,0000+-
.0707+-

1.1106+-

12 

.6149 
1.7213 
. 2005 
. 1425 
. 0673 
,0629 
,2597 
.0216 
. 0057 
. 0043 
. 0057 
.2206 
.0048 . 
. 0303 
.0117 
. 0043 
. 0982 
. 0030 
. 0033 
.0031 
.0027 
.0051 
.0133 
. 0038 
.0105 
.0116 
.0134 
.0182 
.0213 
. 0520 
.0874 
,1517 
.0220 
. 0590 

UG/FILTER 

9.975+-
25,119+-
1.922+-
1.483+-
,000+-

1.142+-
4.947+-
.312+-
,065+-
.133+— 
.177+-

9.299+-
.125+-

3.342+-
.334+-
.018+-

3.27S+-
.056+-
.000+-
.000+-
.023+-
.022+-
.000+-
.016+-
.000+-
.017+-
.014+-
.026+-
.001+-
.285+-
.093+-
.000+-
.152+-

2.388+-

1 • J-̂ ^̂ L 

3.701 
.431 
.306 
. 146 

-558 
.046 
.012 
.010 
.012 
.474 
.010 
, 173 
.025 
,009 
.211 
. 006 
.013 
.007 
.006 
.011 
.029 
.019 
.023 
.025 
.029 
.039 
.046 
.112 
.188 
.326 
.047 
.127 

PERCENT 

6.650+-
16.746+-
1.282+-
.992+-
.000+-
,761+-

3.29S+-
.541+-
.043+-
.0S9+-
.113+-

6.199+-
.0S4+-

2,228+-
.223+-
.012+-

2.186+-
.037+-
.000+-
.000+-
.016+-
,014+-
,000+-
.011+-
.000+-
.011+-
.009+-
.017+-
.000+-
.190+-
.062+-
.000+-
.101+-

1.592+-

.937 
2.708 
. 300 
,215 
.097 
. 103 
. 432 
. 043 
.009 
. 009 
.011 
. 520 
. 009 
,138 
,022 
. 006 
. 203 
. 005 
.012 
. 004 
.004 
,007 
.019 
.013 
.015 
.017 
.019 
.026 
.031 
.076 
.125 
.217 
.032 
,136 



199/20-001 PROTOCOL! SA 

SAMPLE ID: NEA-022 
PARTICLE SIZE: F 
ANALYSIS ID: MM927 
ROADWAY N, OF POWER HOUSE 
EXPOSED AREA: 2,15 SQUARE CM 
MASS OF DEPOSIT: 104.+- 10. MICROGRAMS 

ELEMENT 

AL 
SI 
P 
S 
CL -
K 
CA -
TI 
V 
CR -
MN 
FE 
NI 
CU 
ZN 
GA 
AS 
SE 
BR 
RB 
SR 
Y 
ZR 
MO 
PD 
AG 
CD 
IN 
SN 
SB 
BA 
LA 
HG 
PB -

UG/CM 

_1.6212+-
4.2832+-
..3503+-
.6597+-
.0000+-
.2230+-

4,7720+-
.1120+-
.00S5+-
.0199+-
.0331+-

2.4647+-
.0327+-

1,4549+-
,1592+-
,0056+-
.9543+-
.0076+-
.0026+-
.0000+-
.0071+-
.0000+-
.0215+-
.0017+-
.0167+-
.0430+-
.0054+-
.0336+-
.0314+-
.4723+-
.0000+-
.0000+-
.0232+-
.5374+-

2 

.2161 

.6316 

. 0792 

. 1049 

.0675 

.0296 

.5365 

. 0080 

. 0026 

. 0024 

.0034 

.1271 

. 0033 

.0753 

.0116 

. 0026 

.0574 

.0023 

. 0054 

.0024 

.0024 

. 0034 

.0113 

.0077 

.0091 

.0122 

.0118 • 

.0169 

.0198 

.0651 

.0752 
,1382 
,0096 
,0300 

UG/FILTER 

3,486+-
9.209+-
.754+-

1.418+-
.000+-
.479+-

10.260+-
.241+-
.018+-
.043+-
,082+-

5.299+-
.070+-

3.12B+-
.342+-
.012+-

2.052+-
.016+-
.006+-
.000+-
.015+-
.000+-
.046+-
,004+-
.036+-
.092+-
.012+-
.072+-
,068+-

1.015+-
,000+-
,000+-
.050+-

1,155+-

.465 
1.358 
. 170 
.225 
.145 
.064 

1.153 
.017 
. 006 
.005 
.007 
.273 
-007 
.162 
.025 
.006 
. 123 
. 005 
.012 
.005 
,005 
,007 
,024 
.017 
.020 
.026 
.025 
.036 
,043 
.140 
.162 
.297 
.021 
.065 

PERCENT 

3.352+-
8.B55+-
,725+-

1.364+-
.000+-
.461+-

9.365+-
.232+-
.013+-
.041+-
.079+-

5.095+-
.068+-

3.008+-
,329+-
.012+-

1,973+-
.016+-
,005+-
.000+-
.015+-
.000+-
.044+-
.004+-
.035+-
.089+-
.•011+-
.069+-
.065+-
.976+-
.000+-
.000+-
,048+-

1,111+-

,551 
1.559 
, 178 
.253 
. 140. 
.076' 

1.459 
. 028 
,006 
,006 
.010 
.556 
.009 
.328 
.04O 
.005 
,224 
, 005 
,011 
.005 
.005 
.007 
.024 
.016 
.019 
.027 
.024 
.036 
,041 
,164 
,155 
.286 
.020 
.124 



A P P E N D I 



Subsurface Soils and Slag Results 

Subsurface soil and slag results for Phase I and Phase II samples are summarized in the 
following tables. Analytes which were not detected in any groundwater samples were not 
included in these tables. Laboratory data packages are available upon request. 

Data qualifiers: 

NA = not analyzed 



Summory ofCtiMnlcalAnDlyslsofSotl and Slog Samples (Prioae I) 

HC STATION NO: 
HC SAMPLE NUrVER: 

SAMPLE DEPTH: 
MATRIK: 

6W REGiriE: 

MV2A 
S-I 

lao-H.o 
8LA6FIU 

PLANT 

MISCEUANEOUS RADIATION PARAMETERS 

6R0S« ALPHA (pCI/graml 1.4 «/-1.6 
TOTAL URANIUM (119/graii 1.68 
RADIUM-226 (pCi/«rMn) 120 V-.25 

HW2A 
8-3 

30.0-31.5 
GRANULAR FILL 

PLANT 

46 +/-1.6 
1.46 
1.06 •»/-.47 

B3A 
8-1 

i ao - i 3 .o 
8LA6FILL 

PLANT 

1.8 V-1.1 
1J59 
154 V-.30 

»3A 
8-2 

aO.0-21.0 
SLA6FIU. 

PLANT 

4.3 •/-1.6 
131 
0.69 •/-.12 

MW4 
8-2 

3 5 - 5 . 0 
GRANULAR FIU 

PLANT 

13 * / - . i 
031 
05 

HW4 
s-« 

21-0-725 
NATIVE SAND 

PLANT 

1.1 •»/-.3 
0.16 
05 

TOTAL METALS (in mg/kg DO) 

Aatimoay 
Araanic 
Barium 
Cadmium 
Ckromium 
Coppar 
Laad 
Mtrcury 
Nickal 
Salanlum 
S1lv«r 
Tkallium 
Zinc 

2SU 
2640 
SIS 
25 
103 

2355 
138 

052 
28 
1.6 
55 U 
17 U 

4415 

25 U 
160 
46 
15 

138 
301 
191 

055 
55 

0.75 
25 U 
SOU 

421 

25 U 
115 
543 
050 U 
203 

3505 
178 

0050 
70 

055 
50 
17 

5060 

25 U 
100 
543 
050 
188 

3345 
112 

0055 
73 

0.40 
5.0 
17 

7150 

25U 
120 
34 
25 
44 

1055 
132 

0.65 J 
151 
15 
13 
SOU 
181 

25U 
12 
26 

050 U 
48 

169 
19 

0.08 
49 

055 
25 U 
50 U 
38 



Continied 

HC STATION NO: 
HC SAMPLE NUraCR: 

SAMPLE DEPTH: 
MATRIX: 

GW REGIME: 

ttws 
8-3 

• .0-75 
NATIVE SANO 

PLANT 

MISCELLANEOUS RADIATION PARAMETERS 

GROSS ALPHA (pCI /gnm) 
TOTAL URANIUM (itg/oran 
RAOIUM-226 (pCi/«rani) 

13 tZ-.t 
054 

05 

MW5 
S-M 

XIS-35.0 
NATIVE SANO 

PLANT 

10 V-.O 
0.05 
05 

nv« 
8-3 

• 0 - 7 5 
GRANULAR F i l l 

PLANT 

03 
0.76 

05 

MWO 
8-5 

ItJO- 125 
NATIVE SILT 

PLANT 

03 
076 
069 V-.J7 

67 
8-4 

IOJO- 11.0 
NATIVE SILT 

KANT 

10 *t-.9 
0.99 
0.79 • / -4 

B7 
8-5 

11.0-125 
NATIVE SILT 

KANT 

13 */-1 
2.11 
041 •/-.24 

TOTAL METALS (in mgA« OB) 

AAllmony 
Arsenic 
Barium 
Cadmium 
du-omium 
Coppar 
LaMi 
Mtrcury 
Nicfcal 
Salanium 
Silvar 
Tiialllum 
Zinc 

25 U 
12 
22 

050 
75 
83 
10 

0.13 
57 

OJ60 

25 
SOU 
47 

25 U 
1.9 
16 

050 
50 
40 
13 

0.12 
20 

0.75 
25 U 
SOU 
36 

25 U 
150 
209 
25 
68 

4080 
615 
055 J 
110 
33 
17 
SOU 

765 

25 U 
16 
38 

050 
73 

8C6 
32 

Oi l 
187 

055 
25 U 
SOU 
89 

25 U 
240 
54 
65 U 
97 

363 
435 
0.70 

68 
25 
35 U 
80 

286 

25U 
10 
58 

050 
110 
74 
39 

013 
81 

050 
25 
80 
105 



Continued 

HC STATION NO: 
HCSAMKENUMBSl: 

SAMPLE DEPTH: 
MATRIX: 

GW REGIME: 

MW« 
8-5 

iao-115 
SLAG FILL 

PLANT 

MISaUANEOUS RADIATION PARAMETERS 

GROSS ALPHA (pCi/gram) 
TOTAL URANIUM (|ig/gran 
RADIUM-226 (pCI/gram) 

2.7 •»/-2.0 
05 

3.12 ••/-.27 

MWS 
S-13 

3 0 . 0 - 3 1 5 
NATIVE SILT 

K A N T 

45 •»/-25 
05 

039 •/-.SS 

M w g 
C- l 

20JO-255 
NATIVE SANO 

K A N T 

1.8 V - 1 5 
058 
0.99 V - 4 2 

MWO 
C-2 

2 5 5 - 2 0 . 0 

BIO 
8-3 

6 . 0 - 7 5 
NATIVE SILT GRANULAR FILL 

KANT 

55 • / - 2 3 1.6 
1.00 
167 •/-.58 

K A N T 

•»/-.9 
0.05 
031 */-.2 

BIO 
8-7 

16.0-17.5 
GRANULAR F I U 

KANT 

03 
1.03 
02 

TOTAL METAL8 (in mgAg 06) 

Antimony 
Araanic 
Barium 
Cadmium 
Oiromium 
Coppar 
Laad 
Htrcury 
Nldial 
Salanium 
Silvar 
Tfialllum 
Zinc 

25 U 
635 

1770 
85 
113 

1030 
0060 
0.020 

40 
2.1 
10 
21 

6700 

25 U 
80 
62 

050 U 
103 
60 
26 

0.11 
86 

035 
25 U 
80 
03 

25 U 
200 
22 
10 
61 

265 
108 

039 
36 
15 
25 U 
SOU 

770 

35 U 
80 
74 

050 U 
132 
71 
26 

0.16 
01 

035 
25 U 
80 
126 

25U 
900 
30 
25 
SO 

491 
52 

040 
34 

055 
25U 
SOU 

467 

25U 
50 
30 
20 
75 
26 
19 

0.15 
41 

030 
25 U 
SOU 
76 



Continued 

HC STATION NO: 
HCSAMKE NUMBER: 

SAMKE DEPTH: 
MATRIX: 

GW REGIME: 

MWII 
S-2 

3.0- 45 
GRANULAR FIU 

STACK 

HISCCUAfCOUS RADIATION PARAMETERS 

GROSS ALPHA (pCi/gram) 
TOTAL URANIUM (ug/gran 
RADIUM-226 (pCi/gram) 

13* / -
017 
032 •/-

.0 

.13 

n w i i 
s-6 

13.0- 145 
NATIVE SANO 

STACK 

1J6 * / -9 
055 
05 

MWI2 
8-6 

135- tS.O 
GRANULAR FIU 

KANT 

030 
080 
053 V-14 

MWI2 
S-14 

335-3S.0 
NATIVE SAND 

KANT 

15 V-1.1 
134 
05 

HWI3 
8-3 

135-15.0 
NATIVE SAND 
PARKING LOT 

03 
0.17 
035 •»/-.IS 

nwi3 
8-24A 

5 6 5 - 5 0 5 
NATIVE SANO 
PARKING LOT 

1.1 • / - I 
056 
05 

TOTAL METALS (ia mg/lig 06) 

Aatimoay 
Araanic 
Barium 
Cadmium 
Ckremium 
Coppar 
Laad 
Mercury 
Nicfcal 
Salanium 
Silvar 
Tballlum 
Zinc 

25 U 
220 
42 
35 
64 

207 
151 
1.0 
55 
18 
25 
80 
135 

25 U 
16 
22 

050 
62 
32 
10 

059 
40 

045 
25 U 
SOU 
47 

25 U 
22 
26 
20 
70 

111 
52 

047 
47 

035 
25 U 
SOU 
50 

25 U 
15 
30 

050 U 
79 
26 
13 

O.IO 
39 

045 
25 U 
SOU 
55 

25 U 
40 
34 

050 U 
59 
24 
13 

0075 
36 

055 
25 U 
80 
42 

25 U 
37 
22 

050 U 
73 
16 
60 

0.13 
31 

055 
25U 
SOU 
34 



Summary of Chemical Analyita 
HC STATION NO: 

HC SAMPLE NUMBER: 
SAMKE DEPTH: 

MATRIX: 
GW REGIME: 

TOTAL METALS ( in mg/kg D6) 
Antimony 
Arsenic 
Barium 
Cedmium 
Clromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Tliolliunn 
Zinc 

EP-TOXICITV METALS ( i n mg/ l ) 
EPTOX Arsenic 
EPTOX Barium 
EPTOX Codmium 
EPTOX CIvxnTlum 
EPTOX Lead 
EPTOX Copper 
EPTOX Zinc 
EPTOX Mercury (in MO'O) 
pH 

ol Soil and Slag Soinp 
B-14 

8-1 
0 - 5 

SLAGFIU 
KANT 

900. J 
4860 
400. 

19 
310 

15000. 
5550 

1.85 
223 J 
3a 
4 1 
11 U 

20250. J 

033 U 
05 U 

O037 
0.033 0 

058 
8.6 
15 
05 U 
85 

VOLATH.E ORGANIC COMPOUNDS (In ug /kg 061 
Benzene 
Toluene 
Ethylbenzne 
Total Xylenes 

NA 
NA 
NA 
NA 

SCMIvaATILE ORGANIC COMPOUNDS ( in mg/kg 06) 
Acenaptliylene 
N-nltrosoi^prienyaralne 
Plienantrrene 
Di^-n-butyl plithalste 
FluoranUwne 
Pyrene 
Benzolalantlrocene 
Bis(2-cthyiriexy11phthalate 
Clrysene 
Benzo(b)fluorontrwne 
Benzo(k)nuorantrwne 
Benzotolpyrene 
Indenol 153'cd)pyrene 
Benzo(t^)perylene 
fr-6HC 
Retene 
Oimetliylanaline 
1 -metliylphenantrirene 
Ofl 2-methylphcnantrirene 
l-metriylpymoe 
Totol Petroleum Hydrocarbons 

O30U 
O30U 
O30U 
O30N 
030 U 
030 U 
O30U 
O30 N 
O30U 
030 U 
030 U 
030 U 
O30U 
030 U 

NA 
030 U 
030 U 
030 U 
0.30 0 
030 0 

NA 

es(PhaBe II) 
B-14 

8-2 
1 3 - 145 

SLAGFIU 
K A N T 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
I4A 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

20 0 
20 0 
20 0 
20 0 

040 0 
040 0 
040 0 
040 N 
0.40 0 
040 0 
040 0 
040 N 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 

NA 
060 
040 0 
O40 0 
040 0 
040 0 

3600 

6 - M 
8-7 

2 5 5 - 2 7 
SLAGFIU 

K A N T 

NA 
NA 
NA 
NA 
1 ^ 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

20 0 
20 0 
20 0 
20 0 

030 0 
030 0 
030 0 
030 N 
030 0 
030 0 
030 0 
030 N 
030 0 
030 0 
030 0 
030 0 
O30 0 
030 0 

NA 
0 30 0 
030 0 , 
030 0 
030 0 
030 0 
1140 

B - M 
8-9 

3 0 5 - 3 2 
NATIVE SAND 

K A N T 

NA 
NA 
NA 
W, 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

' NA 

NA 
NA 
NA 
NA 

040 0 
040 0 
040 0 
040 N 
040 0 
040 0 
040 0 
040 N 
040 0 
040 0 
O40 0 
0 40 0 
040 0, 
O40 0 

NA 
O40 U 
040 0 
040 0 
040 0 
040 0 

58 0 

B-14 
S-15 

4 5 5 - 4 7 
NATIVE SILT 

K A N T 

NA 
NA 
NA 
rJA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

0.40 0 
040 0 
040 0 
040 N 
040 0 
040 0 
040 0 
O40 0 
O40 0 
040 0 
040 0 
040 0 
O40 0 
040 0 

NA 
O40 0 
040 0 
040 0 
0.40 U 
040 0 

63 0 

B-15 
S-I 

0 - 5 
SLAGFIU 

K A N T 

511 J 
4125. 

100. 
11. 

22S. 
5725. 
3225 

1.7 
85 J 

2011 
16. 
11 0 

13875. J 

035 0 
0.5 0 

0007 
0.033 0 

002 
072 

20 
0 5 0 
5.6 

NA 
NA 
NA 
NA 

030 0 
030 0 
O30 0 
030 0 
O30 0 
O30 0 
O30 0 
O30 0 
O30 0 
030 0 
0.30 0 
030 0 
030 0 
030 0 

NA 
O30 0 
0.30 0 
0.30 0 
030 0 
030 0 

NA 

B-15 
S-2 

1 0 - 1 1 
SLAGFIU 

K A N T 

311 J 
4875 

IDS. 
12 

^K l . 
3750. 
3675 

04 
120. J 

2461 
10 
11 0 

16250. J 

035 0 
05 0 

0.025 
0.033 0 

05 
0.138 

6.9 
05 0 
60 

NA 
NA 
NA 
NA 

040 U 
040 0 
040 0 
040 0 
040 0 
040 0 
O40 0 
040 0 
O40 0 
040 0 
O40 0 
O40 0 
040 0 
040 0 

NA 
O40 0 
040 U 
040 0 
040 U 
040 0 

NA 



Continued 
HC STATION NO: 

HC8AMPU NUMBER: 
SAMPLE DfePTH: 

MATRIX: 
GW REGIME: 

TOTAL METALS ( in m g A g 06) 
Antimony 
Arsenic 
Bohum 
Cadmium 
Chromium 
Copper 
Leod 
Mercury 
Nickel 
Selenium 
Silver 
Tholliixn 
Zinc 

EP-TOXICITV METALS ( in mg/ l ) 
EPTOX Arsenic 
EPTOX Barium 
EPTOX Codmium 
CPTOX Chromium 
EPTOX Leod 
EPTOX Copper 
EPTOX Zinc 
EPTOX Mercury (in M/ l ) 
pH 

B-15 
C-1 

2 3 - 2 7 
NATIVE SANO 

KANT 

I l R 
36 
25 
05 
7 i 
25 
21 

0.045 
4 1 J 

420 
25 0 
11 U 
5 1 

035 U 
05 0 

0.003 0 
a033O 

002 
0.017 
0073 

05 0 
8.6 

VOLATILE ORGANIC COMPOUNDS ( in j i g / kg 061 
Benzene 
Toluene 
Ethylbenzne 
Total Xylenes 

NA 
NA 
NA 
NA 

SEMIVOLATILE ORGANIC COMPOUNDS ( i a n g A i g 06) 
AcenapUtylene 
N-nitrosodipnenyamine 
Phenanthrene 
Oi-n-toutyl phtttalaU 
Fluoranthene 
Pyrene 
BenzoCalontrracene 
Bis(2-ethylhexyl)pnthoitte 
Chrysene 
BenzolbXluorantlMne 
Benzo(k)nuorantrwne 
Ben2o(a)pyrene 
indenol 153-cd)pyrsne 
Benzo(gl>i)perylene 
a-BHC 
Retene 
Dimethylonoltne 
1 -mettiylpheflanthrene 
n^ 2-meltiylphenanthrene 
W " Ipyre-
TotoiVetroleum nyorocartons' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ru 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
• < 1 

U A 

' 
B-15 
8-15 

sas-52 
NATIVE SILT 

KANT 

11 R 
12 

108. 
05 0 
06 
56 
20 
0.1 
86 J 

505. 
25 0 
1 1 0 

100. 

033 0 
O5 0 

0.003 0 
0033 0 

002 
0017 0 
0038 

0.5 0 
OO 

NA 
NA 
rjA 
NA 

NA 
NA 
NA 
NA 
NA 
rOA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
r4A 
NA 
NA 

r ' 
N f i 

B-16 
8-1 

0 - 5 
SLAGFIU 

KANT 

1236 
16875. 

I l l 
16 

148. 
5125 
4075 
29.2 

7 1 J 
11 
22 
1 1 0 

10625. J 

7.7 
05 0 

0.007 
O.033O 

005 
2.8 
5.8 
05 0 
45 

NA 
NA 
NA 
NA 

040 0 
040 0 
040 0 
040 N 
040 0 
040 0 
040 0 
040 N 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 

NA 
040 0 
040 0 
040 0 
040 0 
0.4'* " 

Nn " 

B-16 
8-3 

16-19 .5 
SLAGFIU 

KANT 

668. J 
7000 
2250 

11 
145 

4925 
3575 
0.085 

7 1 J 
1.8 
11. 
11 0 

10250 J 

033 0 
05 0 

0.003 0 
0033 0 

0O2 
aios 

15 
05 0 
7.0 

NA 
NA 
NA 
NA 

O40 0 
040 0 
040 0 
O40N 
040 0 
O40 0 
O40 0 
O40 N 
040 0 
O40 0 
O40 0 
040 0 
040 U 
O40 0 

NA 
O40 0 
040 0 
040 0 
O40 0 
0.40 " 

NA 

B-16 
8-4 

2 3 . 0 - 2 4 5 
SLAG/SAND 

KANT 

25 J 
188. 
50 
10 

158. 
293. 
I l l 
03 
O U 
11 
25 0 
1 1 0 

1575 J 

035 0 
0.5 0 

0.005 0 
0.033 0 

002 
0038 

5.0 
0.5 0 
51 

NA 
NA 
NA 
NA 

040 0 
0.40 0 
040 0 
040 N 
0.60 
O40 0 
040 0 
040 N 
040 0 
040 0 
040 0 
O40 0 
040 0 
040 0 

NA 
2.3 
4.0 

040 0 
040 0 
040 " 

NA -

B-16 
8-7 

3 0 5 - 3 2 
NATIVE SAND 

KANT 

U N 
10 
35 
05 0 
8 1 
15 
l l 

0.05 
4 1 J 
26 

1 25 0 
1 1 0 
46 

035 0 
05 0 

0005 0 
0033 0 

002 
0017 0 
0052 

05 0 
9.1 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
I4A 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

MA . 

- ^ NA — 



Continued 
HC STATION NO: 

HC SAMPLE NUMBER: 
SAMKE DEPTH: 

MATRIX: 
GW REGIME: 

TOTAL METALS ( ia m g A g DB) 
Antimony 
Arsenic 
Barium 
Cadmlim 
Chronnium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Ztnc 

EP-TOXiCITV METALS ( in mg/ l ) 
EPTOX Arsenic 
EPTOX Barium 
EPTOX Cadmium 

EPTOX Lead 
EPTOX Copper 
EPTOX Zinc 
EPTOX Mercury (in ttg/1) 
pH 

B-17 
8-2 

2 5 - 4 
NATIVE 8/MD 

STACK 

11 R 
45 
35 
05 0 
4 1 
17. 
11. 

0055 
4 1 
10 0 
25 0 
1 1 0 
4 1 

033 0 
Q50 0 

0020 0 
0033 0 
0.020 0 
0017 0 
0OI8 

05 0 
6.17 

VOLATILE ORGANIC COMPOUNDS ( in ug /kg OB) 
Benzene NA 
Toluene 
Ethylbenzne 
Total Xylenes 

NA 
NA 
NA 

SCMIVOLATIlf ORGANIC COMPOUNDS (In rog/kg 06) 
Acenaptnylene 040 0 
M-nilro»odiphenyamine 040 0 
Phenanthrene 0.40 0 
0i-n-t>utyl phtholaU 
Fluorantltene 

Benzotalontrracene 
Bis(2-ethy1hexyl)phthatate 
Chryaene 
Benzo(b)fluoranthene 
Benzo(k)f1uorantrwne 
Benzo(a)pyrene 
lndeno( 153-cd)pyrene 
BenzoC^lperylene 
e-BHC 
Retene 
Dimethylanaline 
1 -metriylphenanthrene 
n/\ 2-metriylphenanthrene 
1-metliylpyrene 
Totol Petroleum Hydrocarbons 

040 0 
040 0 
040 0 
O40 0 
O40 0 
040 0 
040 0 
040 0 
040 0 
O40 0 
040 0 

NA 
040 U 
040 0 
040 0 
040 0 
040 0 

NA 

B-17 
8-4 

7 5 - g 
NATIVE SAND 

STACK 

l i f t 
12 
35 

050 0 
4 1 
11 
93 

004 
60 
10 0 
25 0 
1 1 0 
4 1 

033 0 
0.50 0 

0020 0 
0033 0 
0020 0 
0017 0 
0017 0 

0.5 0 
6.16 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
rJA 

f<JA 
N A 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

B-17 
8-16 

3 7 5 - 3 9 
NATIVE SILT 

STACK 

l i f t 
IS 
48. 

082 
6 1 
4 1 
17. 

0.165 
70 
10 0 
25 0 
1 1 0 
80 

033 0 
050 0 

0020 0 
0.033 0 
0.020 0 
0017 0 
0017 0 

05 0 
8.01 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

B-17 
8-25 

6 0 - 6 1 . 5 
NATIVE SAND 

STACK 

l i f t 
45 . 
41 

050 0 
45 
21. 
93 

0065 
46 . 
10 0 
25 0 
1 1 0 
4 1 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
rjA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

B-16 
S- I 

0 - 1 5 
GRANULAR F I U 

STACK 

66 J 
irso 

80 
3 1 
55 

5750 
2100 

60 
70 
55 
2 1 
1 1 0 

2325 

14 
0.50 0 

0043 
0.033 0 
0.020 0 

1.8 
15 
1.6 

8.12 

NA 
NA 
NA 
NA 

040 0 
040 0 
257 
040 0 
2.83 
2.83 
158 
040 0 
1.89 
0.87 
0.99 
0.99 
0.65 
0.79 

NA 
040 0 
040 0 
040 0 
042 
040 0 

NA 

B-16 
8-4 

7 5 - 9 
NATIVE SANO 

STACK 

11 R 
325 

71 
4.8 . 
75 

275 
200 

54 
70 
IOO 
25 0 
1 1 0 

230 

035 0 
0.50 0 

0.020 0 
a035 0 
0.020 0 
0017 0 
0O30 

0.5 0 
5.80 

NA 
NA 
NA 
NA 

0.40 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
O40O 
040 0 
O40 0 
040 0 
040 0 

NA 
040 0 
040 0 
040 0 
0.40 0 
040 0 

NA 

' 

B-16 
S - l l 

2 5 - 2 6 5 
NATIVE SILT 

STACK 

11 R 
23 
66 
05 0 
8 1 
7 1 
17. 

008 
80 
10 0 
25 0 
1 1 0 
95 

033 0 
0.50 0 

0020 0 
0.033 0 
0020 0 
OOI 7 0 
0017 0 

0.5 0 
858 

NA 
NA 
NA 
NA 

IM 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



. Continued 
HC STATION NO: 

HCSAMKE NUMBER: 
SAMPLE DEPTH: 

MATRIX: 
GW REGIME: 

TOTAL METALS ( ia m g A g 06) 
Antinrwny 
Arsenic 
Barium 
Codmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

EP-TOXICITV METALS (to mg/ l ) 
EPTOX Arsenic 
GPTOXBaHum 
GPTOXCodmi«in 
EPTOX Chromium 
EPTOX Lead 
EPTOX Copper 
EPTOX Zinc 
EPTOX Mercury (in MO/I) 
pH 

B-18 
8-10 

4 5 - 4 6 5 
NATIVE SANO 

STACK 

l i f t 
1 

35 
05 0 
40 
17 
73 

0035 
4Q 
10 0 
25 0 
1 1 0 
4 1 

035 U 
050 0 

0020 0 
0.035 0 
0.020 0 
0X125 
002S 

05 0 
878 

VOLATILE ORGANIC COMPOUNDS ( in j i g A g 06) 
Benzene 
Toluene 
Ethylbenzne 
Totol Xylenea 

NA 
IM 
NA 
IM 

SEMIVOLATILE ORGANIC COMPOUNDS ( in rog/kg 06) 
Acenaptliylene 
N-nitrosodipnenyamine 
Phenanthrene 
0i-n-t>utyl phtnaloU 
Fluoranthene 
Pyrene 
Benzolalenttracene 
Bls(2-ethylhexyl]pnthalate 
Chryaerte 
BenzolbHluorantrwne 
Benzolk }f luorantlwne 
Benzo(a)pyrene 
lndeno( 1 ̂ 3-cd)pyrene 
Benzo(^)perylene 
»-BHC 
Retene 
Oimethylanoltne 
1 -methylpheranthrene 
n/i 2-ntatriylphenanthrene 
1-fr»**»'»oyren» 

' Totiii'rvu'oleuiiiiijrui'acarLwiia— 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
rM 
NA 
NA 
fJ«^ 

Nr, 

B-19 
8-2 

2 5 - 4 
GRAMtJLARFlU 

STACK 

l i f t 
475. 

75 
73 
45 
36 

375. 
8.8 ' 
45 
10 0 
25 0 
1 1 0 

300. 

035 0 
050 0 

0.020 0 
0.033 0 
0.020 0 
0017 0 
0058 

05 0 
656 

NA 
NA 
NA 
NA 

040 0 
040 0 
O40 0 
044 
040 0 
O40 0 
040 0 
O40 0 
040 0 
040 0 
040 0 
040 U 
040 0 
040 0 

NA 
040 0 
040 0 
040 0 
040 0 
0.40 11 

N H 

B-19 
8-7 

1 5 - 1 6 5 
NATIVE SANO 

STACK 

l i f t 
7.8 
40 
73 
4 1 

166. 
93 

0055 
41 
4 1 
25 0 
1 1 0 

400. 

035 0 
050 0 

0042 
0033 0 
0.020 0 
0064 

20 
05 0 

555 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
IM 
I M 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 

B-19 
S-15 

3 5 - 3 6 5 
NATIVE SOIL 

STACK 

l i f t 
12 
5 1 
05 0 
6 1 
40 
20 

007 
68 
I O O 
25 0 
1 1 0 
80 

035 U 
0.50 U 

0020 0 
0033 0 
0.020 0 
0017 0 
0066 

05 0 
755 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
IM 
NA 
IM 
IM 
NA 
NA 
NA 
NA 
NA 

- - - NA — 

B-23 
8-1 

0 - 1 5 
GRANULAR F I U 

K A N T 

211 J 
11000. 

I l l 
268. 

75 
4175 
6060 

56 
70 J 

4O0 
24 
1 1 0 

1500 J 

I I 
05 0 

O103 
0O35O 
005 
0.70 
050 

05 0 
5.8 

NA 
NA 
NA • 
NA 

040 0 
040 0 
101 
040 N 
105 
1.30 
057 
O40O 
090 
040 0 
O40 0 
051 
040 0 
040 

NA 
040 0 
040 0 
040 0 
040 0 
040 II 

~ NA — 

B-25 
8-5 

5 - 6 5 
GRANULAR F U 

KANT 

l i f t 
2575 

95 
98. 

106 
1586 
156 
1.15 
90 J 

25.0 
25 0 
1 1 0 

1975 J 

6.7 
05 U 

0592 
0.033 U 
O02 

33 
83 
05 U 
44 

NA 
NA 
NA 
NA 

050 U 
050 U 
050 U 
050 N 
050 0 
050 0 
050 0 
050 0 
050 0 
050 0 
050 0 
050 0 
050 0 
050 0 

NA 
050 0 
050 0 
050 0 
050 0 
O50 0 

— NA — 

B-23 
S-10 

2 2 5 - 2 4 
NATIVE SILT 

KANT 

l i f t 
73 
95 
05 0 
9 1 
56 
25. 
01 
85 J 

150 
2.8 
11 U 

101 

035 0 
05 0 

0.005 0 
0.033 0 
002 

OOI 8 
0O25 

05 0 
8.8 

NA 
NA 
NA 
NA 

040 U 
0.40 0 
040 U 
040 N 
040 U 
040 0 
040 0 
040 0 
040 0 
040 0 
O40U 
040 0 
040 0 
040 U 

NA 
040 U 
040 U 
040 U 
040 0 

. 040 0 
_ . M 



Continued 
HC STATION NO: 

HC SAMPLE NUMBER: 
SAMKE DEPTH: 

MATRIX: 
GW REGIME: 

TOTAL METALS ( ia mg/kg 06) 
Antimony 
Arsenic 
Barium 
Codmium 

Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

EP-TOXICITV METALS ( In mg/ l ) 
EPTGM Arsenic 
EPTOX Barium 
EPTOX Cadmium 
GPTOX Chromium 
EPTOX Lead 
EPTOX Copper 
EPTOX Zinc 
EPTOX Mercury (In MO/1) 
pH 

B-24 
8-1 

3 - 4 5 
NATIVE SILT 

KANT 

l i f t 
29 
9 1 
12 

101 
60 
2 1 
04 
86 J 

1450 
25 0 
1 1 0 

106. 

035 U 
05 U 

0010 
0.033 U 
0.02 U 

0OI7U 
0017 

05 U 
5.0 

VOLATi.E ORGANIC COMPOUNDS ( in j i g /kg 06) 
Benzene 
Toluene 
Ethylbenzne 
Total Xylenes 

NA 
NA 
NA 
NA 

SEMIVOLATiU ORGANIC COMPOUWS ( in mg/kg 06) 
Acenap thylene 
N-nitrosodiphenyamina 
Phenanthrene 
Oi-n-butyl phthelaU 
nuorantltene 

Bsnn(a)anthracena 
Bl8(2-ethy1hexy1)pnthalate 
Chryaene 
Benzo(b)fluoranttwne 
Benzo(k)nuoranthene 
Benzo(a)pyrene 
lndeno( 1,23-cd)pyrene 
Benzoic Iperylene 
8-6HC 
Retene 
Dimethylanaline 
1 -methy Iphenanthrene 
n^ 2-melhylphenanthrena 
l-m»thylpyren» 
totol P*troleuriiMy^roc*rt6(d 

O40 0 
040 0 
040 0 
0.67 J 
040 0 
040 0 
040 0 
040 N 
040 0 
O40 0 
040 0 
040 0 
040 0 
040 0 

NA 
040 0 
040 0 
040 0 
0.40 0 
040 0 

NA 

B-24 
S-5 

1 3 - 1 4 5 
NATIVE SILT 

KANT 

l i f t 
8.1 

103. 
10 

100. 
55 
2 1 

0.006 
OOJ 
28 
25 0 
11 U 

105. 

031 0 
05 0 

0O03O 
0.033 0 
0.02 

0.017 U 
0O22 

05 0 
85 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

B-25 
S-I 

0 - 15 
GRANULAR F I U 

COOLING POND 

I l R 
265. 

76. 
35 

118. 
1250 
241 
235 

78. J 
25. 
45 
1 1 0 

221 

033 0 
05 U 

0.003 U 
0.033 0 
0O5 

0.147 
0.08 

05 U 
6.1 

NA 
NA 
NA 
NA 

030 0 
030 0 
030 0 
030 N 
030 0 
030 0 
030 0 
O30 0 
0.30 0 
030 0 
030 0 
030 0 
030 0 
030 0 

NA 
O30U 
030 U 
030 0 
030 0 
O30U 

NA 

D-25 
S-4 

1 3 . 0 - 1 4 5 
GRANULARFIU 

COOLING POND 

11 R 
16. 
9 1 
05 0 
8 1 
6 1 
2 1 

0125 
60 J 
16 
25 0 
1 1 0 
66 

033 U 
05 U 

0003 U 
0.033 U 
003 

0017 U 
0017 

05 U 
65 

NA 
NA 
NA 
NA 

040 U 
040 0 
040 0 
O40 N 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
O40O 
040 0 
040 0 
040 0 

NA 
040 0 
040 0 
040 0 
040 0 
040 0 

NA , 

B-2S 
S-9 

2 0 - 2 1 5 
GRANULAR F I U 

COOLING POND 

11 R 
27 
7 1 
05 
86 
40 
6 1 

035 
60 J 
25 
25 0 
1 1 0 
80 

033 0 
05 0 

000.3 0 
0.033 0 
002 

OOI7 0 
0O23 

05 0 
63 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

B-25 
S-14 

3 2 5 - 3 4 
NATIVE SANO 

COOLING POND 

I I R 
3.8 
65 
05 0 
65 
21 
10 

0J035 
40 J 
25 
25 0 
1 1 0 
41 

033 0 
05 0 

0.00.10 
0033 0 
002 

OOI 7 0 
0O23 

05 0 
6.7 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

B-26 
8-4 

3 7 5 - 3 9 
NATIVE SILT 

PARKING LOT 

11 ft 
31 
36 
2.3 
24 
41 
93 

0.065 
25 
1 0 0 
25 0 
1 1 0 
50 

033 0 
0.50 0 

0.020 0 
0.033 0 
0.020 0 
0017 0 
0.033 

05 0 
566 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA , 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



Continued 
HC STATION NO: 

HC SAMPLE NUMBER: 
SAMPLE DEPTH: 

MATRIX: 
GW REGIME: 

TOTAL METALS ( in m g A g 06) 
Antimony 
Arsenic 
Borium 
Cadmium 
Chromium 
Copper 
Leod 
Mercury 
Nickel 
Selenium 
Silver 
Thollium 
Zinc 

EP-TOXICITV METALS ( In mgn) 
EPTOX Araanic 
EPTOX Barium 
EPTOX Codmium 
EPTOX Chromium 
EPTOXLeod 
EPTOX Copper 
EPTOX Zinc 
EPTOX Mercury (in M9/1) 
pH 

B-26 
S-6 

4 2 5 - 4 3 5 
NATIVE PEAT 
PARKING LOT 

l i f t 
75 
36 

0.85 
24 
3 1 
I I . 

0.055 
20 
10 0 
25 0 
11 U 
45 

035 0 
050 0 

0O20U 
0.035 0 
0.020 U 
0OI7 0 
0OI7O 

05 0 
5.75 

VOLATILE ORGANIC COMPOUNDS ( in j ig /kg 06) 
Benzene 
Toluene 
Ethylbenzne 
Total Xylenes 

NA 
NA 
NA 
NA 

SEMIVOLATILE ORGANIC COMPOUNDS (In rog/kg DB) 
Acenap thylene 
N-nitrosodiphenyamine 
Phenanthrene 
Ol-n-butyl phthalate 
Fluoronthene 
Pyrene 
Benzo(a)antrracene 
6i8(2-ethylhexyl)pnthalate 
Chryaene 
Benzo(b)nuoranthene 
Benzo(k)fluoranthene 
Benzololpyrene 
lndeno< 1 ̂ 3-cd)pyrene 
Benzol^lperyiene 
a-BHC 
Retene 
Oimethylanaline 
1 -metriylphenanthrene 
njn 2-methylphenanthrene 
l - r " • • "pyrer-
Totoi Hetroleurnnyorocarbons' 

IM 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
• • t 

NA 

B-27 
8-1 

0 - 15 
GRANULAR F i U 

PARICINGLOT 

40 J 
245 

55 
10 
46 

900. 
198. 
04 
40 
10 0 
35 
1 1 0 

775. 

033 0 
050 0 

0020 0 
0.033 0 
0O22 
0.11 
O i l 
05 0 

565 

NA 
NA 
NA 
NA 

040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 U 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 

NA 
040 0 
040 0 
O40 0 
040 0 
0 / " " 

- - N« -

B-27 
8-4 

7 5 - 9 
NATIVE SANO 
PARKING LOT 

I l R 
73 
60 
05 0 
55 
55 
17 

0545 
4 1 
10 0 
25 0 
1 1 0 
70 

033 U 
050 0 

0020 0 
0.033 0 
0.020 0 
0.017 0 
0.018 

05 
592 

NA 
NA 
NA 
NA 

040 0 
040 0 
0.40 0 
040 0 
O40 0 
040 0 
040 0 
040 0 
O40O 
040 0 
040 0 
O40 0 
040 0 
O40 0 

NA 
040 U 
040 0 
040 0 
040 0 
0.4f" " 

I M — — 

B-27 
8-12 

2 7 5 - 2 9 
NATIVE SANO 
PARKING LOT 

l i f t 
25 
45 
05 0 
26 
20 
93 

0035 
25 
1.0 0 
25 0 
1 1 0 
50 

033 0 
0.50 0 

0.020 0 
O033 0 
0.020 0 
0017 0 
0017 0 

05 0 
658 

NA 
NA 
NA 
IM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
(M 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N A - -

• 

B-27 
8-22 

5 2 5 - 5 3 5 
NATIVE SAND 
PARKING LOT 

11 R 
10 
40 
05 0 
35 
22 
93 

0.04 
24 
10 0 
25 0 
1 1 0 
45 

033 0 
0.50 0 

0020 0 
O033 0 
0020 0 
0OI7 0 
0017 0 

05 0 
5.82 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
IM 
IM 
IM 
NA 
NA 
N A ' 
IM 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
W, 

B-27 
8-27 

• 5 - 6 5 5 
NATIVE SANO 
PARKING LOT 

l i f t 
2.Z 
36 
05 0 
71 
25 
93 

005 
3 1 
I JOO 

25 0 
1 1 0 
40 

035 0 

asoo 
0020 0 
0.033 0 
0020 0 
0017 0 
0017 0 

05 0 
5.78 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
JM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

' ^̂ IM — 

B-26 
8-1 

0 - 1 5 
GRANULAR F i U 

PARKING LOT 

l i f t 
18. 
75 
05 0 
76 
95 
11 

016 
8 1 
1.0 0 
3.8 
1 1 0 

110 

035 0 

asoo 
0020 0 
0033 0 
0020 0 
0017 0 
0037 

05 0 
640 

NA 
NA 
NA 
NA 

NA 
NA 
IM 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA '- • 



• f - n i 

Continued 
HC STATION NO: 

HCSAMKE NUMBER: 
SAMPLE DEPTH: 

MATRIX: 
GW REGIME: 

TOTAL rCTALS ( in mg/kg 06) 
Antinrwny 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

EP-TOXICITV METALS ( in mg/1) 
EPTOX Arsenic 
EPTOX Borium 
EPTOX Cadmium 
EPTOX Chromium 
EPTOX Laad 
EPTOX Copper 
EPTOX Zinc 
EPTOX Mercury (in MO/1) 
pH 

' ' ' 

B-26 
8-5 

1 0 - 1 1 5 
NATIVE SILT 

PARKING LOT 

l i f t 
11. 
6 1 
0.7 
60 
46 
15 

012 
60 
10 0 
25 0 
1 1 0 
7 1 

035 0 
0.50 0 

0.020 0 
0035 0 
0.020 0 
0017 0 
OOI 7 0 

05 U 
512 

VOLATILE ORGANIC COMPOUfOS ( in | ig /kg 06) 
Benzene 
Toluene 
Ethylbenzne 
Total Xylenes 

NA 
IM 
IM 
NA 

SEMIVOLATILE ORGANIC COMPOUNDS ( in rog/kg 06) 
Acenapthylene 
N-nilrosodiprwnyamine 
Phenanthrene 
Oi-n4>utyl phtholaU 
Fluoranthene 
Pyrene 
Benzo(a)anthr«cene 
Bi8(2-ethylhexyl]phthalate 
Chrysene 
Benzo(b)f1uoranthene 
Ben2io(k)fluoranthene 
Benzio(a)pyrene 
lndeno( 1,2^-cd)pyrene 
Benzo l^ )perylene 
a-BHC 
Retene 
Dimethylanoline 
1 -metltylphenanthrene 
nf l 2-meihylphenanthrene 
1 -methylpyrene 
Total PetTioieiirniiydrocartieins 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
UA 

• 

B-26 
S-6 

1 2 5 - 13.5 
NATIVE SAND 
PARKING LOT 

11 ft 
65 
46 

050 0 
35 
35 
I I . 

006 
30 
1.0 0 
25 0 
1 1 0 
5 1 

033 0 
0.50 0 

0020 0 
O033O 
0020 0 
0017 0 
0OI7 0 

0.5 0 
548 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6-26 
C-1 

2 5 - 2 8 
NATIVE SAND 
PARKING LOT 

16 J 
15 
40 

O70 
75 
15 
73 

0035 
45 
10 0 
25 0 
1 1 0 
4 1 

033 0 
Q50 0 

0020 0 
0.033 0 
0020 U 
0017 0 
0017 0 

0.5 0 
546 

NA 
NA 
NA 
IM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

B-29 
S-I 

0 - 15 
GRAMIRARFIU 

PARKING LOT 

101 J 
1175 

80 
3.8 

133. 
2750 
900. 

13 
100. 

10 0 
85 
1 1 0 

2500 

068 
0.50 0 

0020 0 
0.033 0 
0.020 0 
0.72 
0.60 
as 0 

5.89 

NA 
NA 
NA 
NA 

NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
IM 
NA , 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

B-29 
S-5 

1 0 - 1 1 5 
NATIVE SAND 
PARKING LOT 

11 ft 
3.8 
45 

058 
5 1 
3 1 
15 

OI5 
40 
I O O 
25 0 
1 1 0 
45 

033 0 

asoo 
0.020 0 
0033 0 
0020 0 
0017 0 
0OI7O 

OS 0 
5.72 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

B-29 
8-7 

I S - 165 
NATIVE SAND 
PARKING LOT 

l i f t 
23 
45 

050 0 
60 
30 
I I . 

0.055 
40 
10 0 
25 0 
1 1 0 
46 

033 0 
0.50 0 

0020 0 
0.033 0 
0.020 0 
0017 0 
0017 0 

as 0 
538 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA . 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

B-29 
8-13 

3 0 - 3 1 5 
NATIVE SAND 
PARKING LOT 

l i f t 
23 
35 

050 0 
30 
26 
11. 

0O35 
35 
I O O 
25 0 
1 1 0 
46 

035 0 
0.50 0 

0.020 0 
0.033 0 
0O20O 
0OI7 0 
0045 

aso 
602 

NA 
NA 
NA 
IM 

NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
IM 
NA 
IM 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 



Continued 
HC STATION NO; 

HCSAMKE NUMBER: 
8AMPU DEPTH: 

B-31 
8-2 

2 5 - 4 
MATRIX: GRANULAR F I U 

GW REGIME: 
TOTAL METALS ( in m g A g 06) 
AntinxMiy 
Arsenic 
Borium 
Codmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thollium 
Zinc 

EP-TOXIQTV METALS ( in mg/1) 
EPTOX Aroenic 
EPTOX Barium 
EPTOX Ce(*nium 
EPTOX Chromium 
EPTOX Lead 
EPTOX Copper 
EPTOX Zinc 
EPTOX Mercury (in M9/I) 
pH 

STACK 

l i f t 
35 
78 
38 
8 1 

140 
2 1 
03 
56 J 
30 
25 0 
1 1 0 

131 

035 0 
0.5 0 

0.005 0 
0.033 0 

0X>2 0 
0033 
0077 

05 0 
55 

VOLATILE ORGANIC COMPOUNDS ( in MO/kg 06) 
Benzene 
Toluene 
Ethylbenzne 
Total Xylenea 

NA 
NA 
NA 
NA 

SEMIVOLATILE ORGANIC COMPOUNDS ( in rogAg 06) 
Acenapthylene 
N-ni trosodipheayamine 
Phenanthrene 
Oi-n-toutyl phthalate 
Fluoranthene 
Pyrene 
Benzglalanlhracene 
Bis(2-etbylhaxyl)pMhalate 
Chrysene 
BenzoCbXIuorantJwne 
Benzo(k)nuoninthene 
Benzo(a)pyrene 
Indenol 153-cd)pyrene 
Benzo(ghi)perylene 
a-BHC 
Retene 
Dimethylanaline 
1 -me thy Iphenanthrene 
n/i 2-methylphenanthrene 
1-r " - 'pyrer-
TotaiHeiroleurn Hydrocarbons ' 

040 0 
040 0 
040 0 
040 N 
O40 U 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
O40 0 

NA 
O40 0 
040 0 
040 U 
040 U 
0 " * " 

J M - - ' 

B-31 
S-6 

1 2 5 - 1 4 
NATIVE SILT 

STACK 

l i f t 
11 

108. 
05 0 

100. 
7 1 
25 

0106 ' 
86 J 
30 
25 0 
1 1 0 

115 

033 0 
05 0 

0OO3O 
0.033 0 

0.02 
0017 0 
0022 

05 0 
8:6 

NA 
NA 
NA 
MA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
rM 
NA 
NA 

r-
- I M — 

B-5i 
S - l l 

2 2 5 - 2 4 
NATIVE SILT 

STACK 

l i f t 
10 
85 
05 0 
65 
36 
10 

0075 
56 J 
2 1 
25 0 
1 1 0 
60 

033 0 
05 0 

0003 0 
a033O 

0.05 
002 

0.102 

as 0 
8.6 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
IM 
NA 
IM 
NA 
NA 
rM 
NA 
NA 
NA 
NA 
IM 
IM 
IM 
NA 
W 
N^ 

B-33 
8-6 

2 a 5 - 2 2 
SLAGFIU 

KANT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

0 30 0 
O30O 
0.30 0 
0 30 N 
O30 0 
030 0 
030 0 
030 N 
030 0 
030 U 
030 0 
030 U 
030 U 
030 0 

NA 
030 0 
030 0 
O30 0 
O30 0 
030 " 

53 V -

B-33 
8-9 

2 8 - 2 9 5 
SLAGFIU 

K A N T 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

20 0 
20 0 
20 0 
20 0 

040 0 
040 0 
040 0 
040 N 
O40 0 
040 0 
O40 0 
O40 N 
040 0 
0.40 0 
O40 0 
040 0 
040 0 
O40 0 

NA 
040 0 
040 0 
040 0 
040 0 
040 " 
200 ~ 

B-33 
8-10 

3 0 5 - 3 1 5 
SLAGFIU 

KANT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 

2 0 0 
2 0 0 
2 0 0 
20 0 

040 0 
O40 0 
040 0 
040 N 
Q40 0 
O40 0 
040 0 
040 N 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 

0022 
040 0 
040 0 
040 0 
040 0 
040 M 
320 -

B-3S 
S-15 

4 3 - 4 4 5 
GRANULARFIU 

KANT 

NA 
NA 
IM 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
IM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

040 0 
040 0 
040 0 
040 N 
040 0 
040 0 
040 0 
040 N 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 

NA 
040 0 
040 0 
040 0 
040 0 
040 0 
(00 u - -J 



Continued 
HC STATION NO: 

HC SAMPLE NUrVER: 
SAMPLE DEPTH: 

MATRIX: 
GW REGIME: 

TOTAL METALS ( la mg/kg 06) 
Antinrtony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

EP-TOXICITV METALS ( in mg/1) 
EPTOX Arsenic 
EPTOX Barium 
EPTOX Ca<*iilum 
EPTOX Chromium 
EPTOX Lead 
EPTOX Copper 
EPTOX Zinc 
EPTOX Mercury (in MO/1) 
pH 

B-34 
8-2 

1 0 5 - 1 2 
SLAGFIU 

KANT 

11 R 
1450 

81 
12 

120. 
2900 
3750 
003 

80 J 
95 
75 
1 1 0 

17125 J 

035 0 
05 0 

0.005 0 
0.055 0 

002 
OOI 7 0 
050 
05 0 
55 

VOLATILE ORGANIC COMPOUNDS ( in | ig /kg 06) 
Benzene 
Toluene 
Ethylbenzne 
Total Xylenea 

IM 
NA 
NA 
NA 

SEMIVOLATILf ORGANIC COMPOUNDS (ia rog/kg 06) 
Acenapthylene 
N-nitrosodJphenyamine 

Di-n-toutyl phUialaU 
Fluoronttiene 
Pyrene 
Benzo(a)anthracene 
Bis(2-ethy1hexyl Iphthalate 
Chryaene 
Benzo(b)nuoranthene 
BenzoCk )nuoranth»ne 
Benzotolpyrene 
Indenol 1,2^-cd)pyrene 
Benzo(grri)perylene 
a-BHC 
Retene 
Dimethylanaline 
1 -metr^lphenanthrene 
n^ 2-meiriylphenanthrene 
1-methylpyrene 
Total Petroleum HydrOcirtona 

0.30 0 
030 0 
030 0 
030 0 
030 0 
030 0 
030 0 
O30O 
0.30 0 
030 0 
030 0 
O30 0 
030 U 
030 0 

NA 
030 0 
030 U 
030 0 
O30 0 
030 0 

31 0 

B-34 
8-4 

2 0 5 - 2 2 
SLAGFIU 

K A N T 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

030 0 
030 0 
0 30 0 
030 0 
030 0 
O30 0 
0.30 0 
O30 0 
O30 0 
030 0 
030 0 
030 0 
030 0 
030 0 

NA 
030 0 
030 0 
0.30 0 
O30 0 
0.30 0 

31 0 

B-34 
8-6 

2 8 - 2 9 5 
SLAGFIU 

K A N T 

355. J 
3625 
425. 

14 
103. 

2025 
6200 
0.025 0 
763. J 

25 
11 
1 1 0 

20625. J 

033 0 
05 0 

0003 0 
0.033 0 

003 
0017 0 

1.6 
05 0 
65 

NA 
NA 
NA 
NA 

030 0 
030 0 
030 0 
0.30 0 
030 0 
030 0 
O30O 
030 0 
030 0 
030 0 
O30 0 
030 0 
030 0 
030 0 

NA 
030 0 
030 0 
030 0 
030 0 
030 0 

32 0 

B-35 
S-4 

2 a 5 - 2 2 
SLAGFIU 

KANT 

NA 
NA 
NA 
IM 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 

NA 
NA 
NA 
IM 

040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
O40 0 

NA 
040 0 
040 0 
040 0 
040 0 
040 0 

43 0 

B-35 
8-6 

3 0 5 - 3 2 
SLAGFIU 

K A N T 

NA 
NA 
NA 
NA 
rM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

030 0 
030 0 
030 0 
0.30 0 
030 0 
0.30 0 
030 0 
030 0 
030 0 
030 0 
030 0 
030 0 
030 0 
030 0 

NA 
030 0 
030 0 
030 0 
030 0 
0.30 0 

42 0 

B-35 
8-8 

3 5 5 - 3 7 
NATIVE SAND 

K A N T 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
IM 

040 0 
040 0 
040 0 
040 0 
040 0 
0.40 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 
040 0 

NA 
040 0 
040 0 
040 0 
0.40 0 
040 0 

24 0 

B-36 
8 - i 

0 - 5 
SLAGFIU 

K A N T 

2275 J 
900O 
600. 

16 
288. 

87SO 
9750 

0.0 
170 J 

10 
25 
1 1 0 

27000. J 

033 0 
0 5 0 

0013 
0.033 0 

047 
55 

045 

as 0 
60 

NA 
NA 
NA 
NA 

030 0 
030 0 
030 0 
030 N 
030 0 
030 0 
030 0 
030 N 
034 
041 
030 0 
030 0 
030 0 
030 0 

NA 
030 0 
030 0 
030 0 
030 0 
030 0 
370 



Continued 
HC STATION M k 

HC SAMPLE NUMBER: 
SAMPU DEPTH: 

MATRIX: 
GW REGIME: 

TOTAL tCTALS ( in mg/kg 06) 
Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

EP-TOXICITV METALS ( in mg/ l ) 
EPTOX Arsenic 
EPTOX Barium 
EPTOX Codmium 
EPTOX Chromium 
EPTOXLeod 
EPTOX Copper 
EPTOX Zinc 
EPTOX Mercury (in MO/I) 
pH 

B-36 
S-2 

1 2 5 - 1 4 
SLAGFIU 

KANT 

NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

VOLATILE ORGANIC COMPOUNDS ( in | ig /kg 061 
Benzene 
Tolutne 
Ethylbenzne 
Total Xylenea 

20 0 
20 0 
55 

no 
SEMIVOLATILE ORGANIC COMPOUNDS (ia mg/kg 06) 
Acenopthylene 
N-nitrosodiphenyamina 
Phenanthrene 
Oi-n-butyl phthalaU 
Fluoranthene 
Pyrene 
Benzo(o)Dnthrocene 
Bis(2-ethylhexy1)pnthalate 
Chryaene 
Banzo(b)nuoranthene 
BenzoCk )riuoranthene 

lndeno( 1 ̂ 3-cd)pyrene 
BenzoCghi )pery lene 
a-BHC 
Retene 
Oimethylanoline 
1 -metrrylphenanthrene 
n/\ 2-methylphenanthrene 
1-tr-»»>-ipyrer-

' Totiar*iroleui>in;rui^CBrtut>a 

O40 0 
040 0 

oeo 
040 N 
055 
200 
O40O 
040 0 
158 
040 0 
O40O 
O40 
040 0 
040 0 

0.022 
O40 0 
040 0 
062 
1.17 
2.'^'' 

- - 57wi» - -

B-36 
8-3 

2 5 5 - 2 7 
SLAGFIU 

KANT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

a40 0 
040 0 
040 0 
040 N 
040 0 
040 0 
O40O 
040 N 
040 0 
O40 0 
040 0 
040 0 
040 0 
040 0 

NA 
040 0 
O40 U 
040 0 
040 0 
04'^ •• 

fiv'V""' 

B-36 
8-4 

2 B - 2 9 5 
NATIVE SANO 

KANT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

040 0 
040 0 
040 0 
040 N 
040 0 
040 0 
040 0 
O40 N 
040 0 
040 0 
040 0 
040 0 
040 0 
O40 0 

NA 
040 0 
O40 0 
040 0 
040 U 
040 l l 

_ 7«-w--' 

B-37 
8-1 

0 - 5 
SLAGFIU 

KANT 

3311 J 
24950. 

350. 
25 

120. 
10975. 
0175 

112 
75 J 
6 1 

114 
1 1 0 

14000. J 

033 0 
OS 0 

0006 
0033 0 

002 0 
13 

O70 
05 0 
55 

NA 
NA 
NA 
NA 

040 0 
040 0 
040 0 
040 N 
040 0 
040 0 
O40 0 
040 0 
040 0 
O40U 
040 0 
O40 0 
040 0 
040 0 
rM 

040 0 
0.63 0 
040 0 
040 0 
040 '1 

7S 

B-37 
8-2 

1 0 5 - 12 
SLAGFIU 

K A N T 

NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

034 
051 
0.68 
030 N 
030 0 
030 0 
030 0 
030 0 
030 0 
030 0 
030 0 
030 0 
030 0 
030 0 

NA 
030 0 
812 
030 0 
030 0 
030 II 

NA^ 

B-37 
8-4 

2 0 5 - 2 2 
NATIVE SANO 

KANT 

25 J 
275 

31 
13 

12& 
378i 
236 
0.65 

71 J 
55 
25 0 
11 U 

1200 J 

035 U 
05 U 

0003 0 
0.035 0 

0O2O 
006 
055 
05 0 
63 

NA 
NA 
NA 
NA 

050 0 
050 0 
050 0 
050 N 
050 0 
050 0 
050 0 
050 0 
0.50 0 
050 0 
050 0 
050 0 
050 0 
050 0 

NA 
050 0 
656 
050 0 
050 0 
O50 0 

_ — ^ N A - -



. Continued 
HC STATION NO: 

HC SAMKE NUrCCR: 
SAMPLE DEPTH: 

MATRIX: 
GW REGIME: 

TOTAL METALSdamgAg 06) 
Antimony 
Arsenic 
Barium 
Codmium 
Chromhim 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

EP-TOXiCITV ICTAL8( inmg/ l ) 
EPTOX Arsenic 
EPTOX Barium 
EPTOX Cadmiun 
EPTOX Chromium 
EPTOX Leod 
EPTOX Copper 
EPTOX Zinc 
EPTOX Mercury (in MO/1) 
pH 

B-IA 
S-I 

1 0 - 1 1 
SLAGFIU 

KANT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

VOLATILE ORGANIC COMPOUNDS ( in ug /kg 06) 
Benzene 
Toluene 
Ethylbenzne 
Totol Xyleneo 

NA 
NA 
NA 
NA 

SEMIVOLATILE ORGANIC COMPOUNDS ( in rog/kg 06) 
Acenapthylene 
N-nitro$odiphenyamine 
Phenanthrene 
Oi-n-butyl phtholaU 
Fluoranthene 
Pyrene 
Benzo(a)anlhracene 
6i8(2-ethylhexyl)phthalate 
Chrysene 
Benzo(b)fluoranthene 
Benzolk M luoranthene 
Benzo(a)pyrene 
lndeno(l53-cd)pyrene 
Benzo(ghi)perylene 
a-BHC 
Retene 
Oimethylanaline 
1 -metr^lphenanthrene 
n/12-n(tethylphenanthrene 
1-methylpyrene 
Total Petroleum Hydrvcirtoons 

O30N 
030 N 
030 N 
030 N 
030 N 
030 N 
O30 N 
102 J 
030 N 
030 N 
O30N 
O30 N 
O30 N 
030 N 

NA 
030 N 
030 N 
030 N 
030 N 
030 N 

74 N 

MW-IA2 
G-1 

0- to 
SLAGFIU 

KANT 

228. J 
4025 

700. 
75 
75 

3250 
300O 
0O7 

8 1 
10 0 
05 
16 

20250. 

033 0 
050 0 

0020 0 
0.033 0 
0.020 0 

1.6 
40 
as 0 

482 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

MW-2A 
G-1 

1 5 - 2 0 
SLAGFIU 

K A N T 

l i f t 
075. 
700. 

5.8 
108. 

2750. 
203. 
0.05 

35 
10 0 
53 
17. 

5000 

1.1 
050 0 

0.020 0 
0.033 0 
0.020 0 

15 
30 
as 0 

650 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

MV-2A 
S-2 

2 0 - 2 1 5 
SLAGFIU 

KANT 

l i f t 
1025 
725. 

53 
125. 

3350 
205. 

0.075 
4 1 
15 
5.8 
18. 

6000. 

1.1 
0.50 0 

0.020 0 
0.033 U 
0.020 0 

20 
20 

aso 
6.38 

NA 
IM 
NA 
NA 

030 N 
030 N 
030 N 
030 N 
030 N 
030 N 
030 N 
030 N 
030 N 
030 N 
030 N 
030 N 
030 N 
O30 N 

IM 
030 N 
030 N 
O30 N 
030 N 
030 N 

41 N 

B-2C2 
S-I 

3 3 - 3 4 5 
NATIVE SANO 

K A N T 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

040 N 
040 N 
040 N 
O40N 
0.40 N 
0.40 N 
0.40 N 
040 N 
O40 N 
O40 N 
040 N 
040 N 
040 N 
O40 N 

NA 
040 N 
040 N 
040 N 
040 N 
040 N 

43 N 

B-2C2 
S-4 

4 0 5 - 4 2 
NATIVE SANO 

K A N T 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
0.60 N 
0.40 N 
040 N 
040 N 
040 N 
040 N 
040 N 

NA 
O40N 
040 N 
0.40 N 
040 N 
040 N 

OON 

B-3A 
G-2 

0 - 10 
SLAGFIU 

K A N T 

11 ft 
5 1 

450. 
050 0 
120. 

3700. 
198. 
0.02 

6 1 
14 
53 
16 

7000 

035 0 
050 U 

0.020 U 
a 0 3 3 U 
0.022 

33 
058 

as U 
553 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



6?nt!fMf<i 

m*jMmm 
HCSArtpL^flOMBER: 

?AHPH DEPTH: 
MATRIX: 

6W REGIME 
TOTAL METAL8 ( in m g A g 06) 
Antinwny 
Arsenic 
Barium 
Codmium 
Chromium 
Copper 
Leod 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

EP-TOXICITV METALS (h i mg/1) 
EPTOX Arsenic 
EPTOXBarium 
EPTOX Codmiun 
EPTOX Chromium 
EPTOXLead 
EPTOX Copper 
EPTOX Zinc 
EPTOX Mercury (in MO/1) 
pH 

MA 
S-I 

? * . 5 - 3 2 5 
SLAGFIU 

KANT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

035 U 

asou 
0O20O 
0.033 0 
0022 

33 
058 
05 0 

553 
VOLATILE ORGANIC COMPOUNDS ( in t ig/kg 06) 
Benzene 
Toluene 
Ethylbenzne 
Totol Xylenes 

NA 
NA 
NA 
NA 

SEMIVOLATILE ORGANIC COMPOUNDS (la rogAcg 06) 
Acenapthylene 
N-nitrosodiphenyamine 
Phenanthrene 
Oi-n-toutyl phthalate 
Fluoranthene • 
Pyrene 
BenzoColanthracene 
Bi8(2-ethymexyl)pMhalate 
Chryaene 
Benzo(b)nuoranthene 
6enzo(k )fluoronthene 
Benzotolpyrene 
Indenol 12.5~<:d)p/rene 
6enzo(«rri)perytene 
o-BHC 
Retene 
Oimethyloneline 
1 -methy Iphenanthrene 
n/\ 2-nr)ethylphenanthrene 
1 -(r«»»««ioyren», 
Totui 1 a.j^eurMM7_.-ocartwi»-

030 N 
030 N 
030 N 
030 N 
030 N 
044 J 
030 N 
055 J 
030 N 
030 N 
030 N 
030 N 
030 N 
O30N 

NA 
0 30 N 
0.30 N 
030 N 
030 N 
0.^1 w 
19c^ V -

fW-f 
8-6 

1 3 - 145 
NATIVE SANO 

K A N T 

25 J 
96 
5 1 

058 
4 1 

600. 
375. 

0306 
71 
1.8 
7. 

1 1 0 
118. 

035 0 
asoo 

0020 0 
0033 0 
0.020 0 
0O23 
0017 

05 0 
750 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
fM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
N* 

— — N , . — 

W-l 
8-13 

3 0 5 - 3 1 5 
NATIVE GRAVEL 

KANT 

NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
O40N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 

NA 
040 N 
040 N 
040 N 
040 N 
O40N 

4 . ' . . — 

MW-5 
8-4 

8 - 9 5 
NATIVE SANO 

KANT 

I I J 
I I . 
66 

050 0 
90 
50 
17 

O i l 
90 
10 0 
25 0 
1 1 0 
85 

035 0 

asoo 
0.020 0 
0033 0 
0.020 0 
0023 
OOI7 0 

05 0 
705 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
N A - - -

MW-5 
8-19 

4 5 5 - 4 0 5 
NATIVE SOIL 

K A N T 

l i f t 
40 
30 

050 0 
3 1 
22 
11. 

0O75 
22 
I O O 
25 0 
1 1 0 
4 1 

033 0 
asoo 

0O20O 
0.035 0 
0020 0 
0O27 
0028 

aso 
550 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
IM 
NA 
NA 
fM 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. NA >— 

t W - 9 
i 8-25 

• { - • 2 
NATIVE SANO 

KANT 

l i f t 
10 
36 

050 0 
45 
16 
93 

004 
38 
10 0 
25 0 
1 1 0 
46 

035 0 
asoo 

0O20O 
0.035 0 
0020 0 
0017 0 
0017 0 

05 0 
482 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
IM 
NA 
NA — 

nw-t 
8-S 

I B - 1 8 5 
NATIVE SILT 

KANT 

l i f t 
11 
76 

058 
70 

228. 
25 

0.155 
115 

10 0 
25 0 
1 1 0 
86 

035 0 
asoo 

0.020 0 
0033 0 
0020 0 
0023 
0055 

aso 
638 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
IM 
NA 
.M -



Continued 
HC STATION NO: 

H C S A M K E NUMBER: 
S A M K E DEPTH: 

MATRIX: 
GW REGIME: 

TOTAL METALS ( I n m g / k g 0 6 ) 
Antimony 
Arsenic 
Barium 
Codmium 
Cliromium 
Copper 

Lead 
Mercury 

Nickel 
Selenium 
Si lver 
Thallium 
Zinc 

EP-TOXICITV METALS ( I n mg /1 ) 

EPTOX Arsenic 
EPTOX Banum 
EPTOX Cadmium 
EPTOX Chromium 
EPTOXLeod 

EPTOX Copper 
EPTOX Zinc 

EPTOX Mercury ( in MO/I) 
pH 

,' — - . ; ~ 

MW-6 
8-12 

2 6 5 - 3 0 
NATIVE SILT 

KANT 

fM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

VOLATILE ORGANIC COMPOUNDS ( i n j i g / k g 0 6 ) 
Benzene 
Toluene 
Ethylbenzne 
Total Xylenes 

NA 

NA 
NA 
NA 

SEMIVOLATILf ORGANIC COMPOUNDS ( i n rog/kg 0 6 ) 
Acenapthylene 
N-nitrosodiphenyamina 
Phenanthrene 
Oi-n-toutyl phthalaU 

Fluorantltene 
Pyrene 
Benzo(a)onthracene 
Bis(2-ethylhexy1)phthalate 
Chrysene 
Benzo(b)f1uoranthene 
Benzo(k>nuoranthene 
Benzotolpyrene 
lndeno( 1 ̂ 3 - c d ) p y r s n e 
BenzotfTiDperylene 

a-BHC 

Retene 
Oimethylanaline 
1 -mett^ lphenanthrene 

n f l 2-methylphenanthrene 

1-methylpyrene 

Totol Petroleum Hydrocarbons 

040 N 
040 N 
040 N 
040 N 
040 N 
O40 N 
O40 N 
040 N 
040 N 
040 N 
O40 N 
O40 N 
O40N 
040 N 

NA 
040 N 

040 N 
0.40 N 

040 N 

0.40 N 

30 N 

' 

B-7 
8-6 

1 3 5 - 15 
NATIVE SILT 

K A N T 

l i f t 
10 
80 

050 0 
90 
46 
20 

006 
85 
10 0 
25 0 
11 0 
9 1 

035 0 

asoo 
0.020 0 
0.033 0 
0020 0 
0062 
0.035 

05 0 
605 

NA 
NA 
NA 
NA 

NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 

NA 

-. 

HW-6 
8-2 

2 5 - 4 
SLAGFIU 

K A N T 

NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 

NA 

040 N 

040 N 
040 N 
040 N 
0.65 J 
105 J 
068 J 
058 J 
153 J 
1.19 J 
054 J 
0.68 J 

0.76 J 
0.94 J 

NA 

040 N 
040 N 
040 N 

O40 N 

040 N 

1400 J 

' 

MW-6 
8-4 

7 - 8 5 
SLAGFIU 

KANT 

l i f t 
750. 
425. 

6.8 
90 

1650 
OOOO 
004 

45 
1.7 

15 
17 

600O 

033 0 
050 0 

0.020 0 
0.033 0 
0.020 0 
0093 
0042 

05 0 
666 

NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 

NA 

.-.-. .. ,- _ -

MW-6 
S-6 

1 2 - 1 2 5 
SLAGFIU 

K A N T 

IM 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
041 N 
040 N 
0.40 N 
040 N 
040 N 
040 N 
O40 N 

NA 
040 N 

040 N 
O40 N 

040 N 
0.40 N 

1600 J 

• 

MW-8 
S-7 

1 4 5 - 15 
SLAGFIU 

KANT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
IM 
IM 

1 NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 
NA 

' — - ..—-. 

MW-6 
8-6 

1 7 - 185 
NATIVE GRAVEL 

K A N T 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 

NA 
040 N 

040 N 

040 N 

040 N 

040 N 
140 N 



. Continued 
HC STATION NO: 

HC SAMKE NUrOCR: 
SAMKE DEPTH: 

MATRIX: 
GW REGIME: 

TOTAL METALS (io m g A g 06) 
Antinwny 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Leod 
Mercury 
Nickel 
Selenium 
Silver 
Thollium 
Zinc 

EP-TOXICITV METALS (In m g ^ ) 
EPTOX Arsenic 
EPTOX Borium 
EPTOX Codmium 
EPTOX Chromium 
EPTOX Lead 
EPTOX Copper 
EPTOX Zinc 
EPTOX Mercury (in MO/I) 
pH 

WW-8 
8-10 

2 2 - 2 3 5 
NATIVE GRAVEL 

KANT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 

VOLATILE ORGANIC COMPOUNDS ( in j ig /kg 061 
Benzene 
Toluene 
Ethylbenzne 
Total Xyleneo 

NA 
NA 
NA 
NA 

SEMIVOLATILf ORGANIC COMPOUNDS (ia mg/kg 06) 
Acenapthylene 
N-nitrosodiphenyamine 
Phenanthrene 
Oi-n-toutyl phthalaU 
Fluoranthene 
Pyrene 
Benzotolanthrocene 
Bis( 2-ethylhexyl Iphthalate 
Chryaene 
Benzotb)f1uoranthene 
Benzotk Xluorenthene 
Benzotolpyrene 
Indenot 1 ̂ 3-cd)pyr«ne 
Benzotghilperyiene 
a-BHC 
Retene 
Oimethylanaline 
1 -metriylphenanthrene 
n/i 2-metriylphenanthrene 
l - n V ' ^ ' - y r w K 

- Totoi reut>leumnyuiocartoUb-

040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
O40N 
040 N 
040 N 
040 N 
040 N 

IM 
040 N 
0.40 N 
040 N 
040 N 
( » * f > " 

J O t i 

MW-9 
8-4 

1 0 - 1 1 5 
SLAGFIU 

KANT 

IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 
0.76 J 
040 N 
040 N 
040 N 
040 N 
040 N 
040 N 

NA 
040 N 
040 N 
040 N 
040 N 
0>"> w 

• ' I t ^ W " * / ' " 

MW-9 
8-13 

3 2 5 - 3 4 
NATIVE SILT 

KANT 

l i f t 
25 
85 
05 0 

103. 
56 
19 

007 
96 

too 
25 0 
1 1 0 

110 

035 0 

asoo 
0O20O 
0.035 0 
0O20O 
0028 
0026 

aso 
8.72 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
rM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
JM 
NA 
NA 
IM 
NA 
NA 
NA 
(UA 

f ^ - ' 

B-10 
8-10 

4 5 5 - 4 7 
NATIVE SILT 

KANT 

l i f t 
95 
88 
05 0 

110 
6 1 
20 

0.106 
103. 

I.I 
25 0 
11 0 

no 
035 0 

asoo 
0020 0 
0.033 0 
0.020 0 
0017 0 
0OI7O 

05 0 
8.16 

IM 
NA 
IM 
NA 

NA 
NA 
NA 
NA 
NA 
fM 
NA 
NA 
NA 
NA 
rM 
fM 
IM 
NA 
NA 
NA 
NA 
NA 
IM 
W* 

- - IM 

MW-11 
8-3 

5 5 - 7 
NATIVE SANO 

STACK 

l i f t 
118. 
80 
3.8 
76 

160. 
70 
8. 

71 
I O O 
25 0 
1 1 0 

190. 

033 0 
asoo 

OO20O 
O.033O 
0020 0 
0017 0 
0026 0 

aso 
6.81 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA — 

MW-12 
8-12 

2 A 5 - 3 0 
GRANULARFIU 

KANT 

l i f t 
75 
51 
13 
66 

158. 
100. 
050 

60 

too 
25 0 
11 0 

140. 

035 0 

asoo 
0020 0 
0.035 0 
0O20O 
0017 0 
0017 0 

05 0 
517 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
IM 
NA 

.,.-__. NA~— 
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Groundwater Results 

r 
i / 

Groundwater results for Phase I and Phase II samples are summarized in the following 
tables. Analytes which were not detected in any groundwater samples were not included 
in these tables. Laboratory data packages are available upon request. 

Data qualifiers: 

NA = not analyzed 



Summary of Chemical Analysis oi Grccndwater 
HC STATION NO: M W - I A 2 

SCREENED AQUIFER 
GW REGIME 

TOTAL METALS ( i n M9/l> 
Antimony (Dl 
Antimony (T) 

Arsenic (0) 
A r s e n i c a ) 
Barium (D) 
B i r ium(T) 
Ca(ftTiitfn(D) 
Cadmium(T) 
Chromium (0) 
Chromium (T) 
Copper(0) 
Copper(T) 
Nickel (0) 
Nickel (T) 
Selenium (D) 
Selenium ( T ) 
Silver (D) 
Silver (Tl 
Thalliun(D) 
Thallium (T) 
Zinc(O) 
Zinc(T) 
Lead(D) 
Lead(T) 
Mercury (T) 
Mercury (D) 
iron 
Manganese 
Magnesium (in mg/l) 

MISaUANEOUS INORGANICS ( in mg/1) 
Sodium 
Potoasiitn 
Calcium 
Chloride 
Sulfate 
Sulfide 
Bicartoonate 
Alkalinity 

VOLATILE ORGANIC COMPOUNDS ( in | ig / l ) 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 
Chloroform 

»(LOW) 
F I U 

KANT 

80 0 
175 

8410 
13600. 

110 0 
n o 0 
1.0 0 

121 
30 0 
30 0 
9 

1660 
30 
30 
50 0 
50 0 
80 0 
80 0 

100. 0 
100. 0 
51. 

4000 
25 N 

311 
NA 
NA 

41500. 
1060 
200. 

2205 
110 
ISO. 

4300 
106O 

2.0 
122. 
122. 

1 

5 0 
5 0 
5 0 

NA 
5 0 

MW-IA2(MED) 
F I U 

KANT 

80 0 
60 0 

9250 
15400. 

n o 0 
n o 
1.0 0 
71 
30 0 
30 0 
H. 

751. 
30 
30 
50 0 
50 0 
80 0 
80 0 

100 0 
100. 0 
38 

2090 
50 N 

125. 
NA 
NA 

40400. 
1130 
280. 

2201 
108. 
140. 

420O 
106O 

1.8 
130. 
130. 

IM 
NA 
NA 
NA 
NA 

MV-IA2(HIGH) 
F I U 

K A N T 

80 0 
163. 

7540 
10200. 

110.0 
n o . 0 

I O O 
194. 
30 0 
30 0 
8. 

1030. 
30 0 
30 0 
50 0 
50 0 
80 0 
80 0 

100. 0 
100. 0 
29 

4230 
SO N 

338 
NA 
NA 

33JWX). 
106O 
3O0. 

2440 
115 
144. 

4400 
1050 

1.0 
134. 
134. 

IM 
NA 
NA 
NA 
NA 

M W - I B (LOW) 
F i U 

KANT 

125 
ITS. 
400. 

1450 
n o 0 
110. 0 
6 1 
6 1 
30 0 
30 0 

3340 
3530 

6 1 
6 1 
50 0 
9 0 
80 0 
80 0 

100 0 
100 0 

8190 
8250 

50. N 
ITS. 
NA 
NA 

7130 
1160 
310 

2650 
140. 
154. 

4900 
105O 

05 0 
10 
10 

5 0 
5 0 
SO 

NA 
5 0 

MW-IB (MEO) 
F I U 

K A N T 

111 
168. 
4TS. 

1030 
n o 0 
n o . u 
76 
84 
30 0 
30 0 

4530. 
406O 

50 
50 
50 0 
15 
80 0 
80 0 

100. 0 
100. 0 

7130 
7300 

SON 
86 
NA 
NA 

3500 
1100 
310 

2670 
138. 
144 

5000 
1100 

05 0 
36 
36 

NA 
NA 
IM 
IM 
NA 

MW-IB (HIGH) 
F I U 

K A N T 

125. 
125. 
400. 
411 
no . 0 
110. 0 
80 
81. 
30 0 
30 0 

4740 . 
4780 

50 
50 
50 
60 
80 0 
80 0 

100. 0 
100. 0 

7060. 
7030 

25 N 
25. N 
fM 
IM 

24300. 
1050 
330. 

2555 
138. 
145 

4700 
105O 

05 0 
51. 
51. 

NA 
NA 
fM 
NA 
NA 

SEMIVOLATILE ORGANIC COMPOUNDS (in MO/D 
Dimethylaniline 20 0 NA rM 40 0 NA NA 

Total Pet. Hydrocartonstinrng/I) 
Total Organic Carbon (in mo/I) 

NA 
25 

NA 
30 

NA 
24 

fM 
20 

NA 
1.7 

NA 
14 



^jble Continued 
HC STATION NO: 

SCREENED AQUIFER 
GW REGIME-

TOTAL KTALS ( in Mg/l) 
Antimony (0) 
Antinrtony (T) 
Arsenic (0) 
Arsenic (T) 
Barium (0) 
Barium(T) 
Cadmium (0) 
Cadmium(T) 
Chronnium (0) 
Chromium (T) 
Copper (D) 
Copper(T) 
Nickel (0) 
Nickel (T) 
Selenium (0) 
Selenium (1) 
Silver (0) 
Silver (T) 
Thailiiin(O) 
Thailiun(T) 
Zinc(O) 
Zinc(T) 
Lead(O) 
Lead(T) 
Mercury (T) 
Mercury (0) 
iron 
Manganese 
Magnesium(inmg/I) 

MV-2A(L0W) 

MISaUANEOUS INORGANICS ( inmg/ l ) 
Sodiifn 
Potosaim 
Calcium 
Chloride 
Sulfate 
Sulfide 
BicartMnate 
Alkolinity 

VOLATILE ORGANIC COMPOUNDS ( i n n g / l ) 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 
Chlorolorm 

F I U 
KANT 

80 0 
80 0 

30600. 
30600. 

no 0 
110 0 

I O O 
30 
30 0 
30 0 
16 
81. 
36 
50 
50 0 
SOU 
80 0 
80 0 

IOO. 0 
100 0 
838. 
96,3. 

25 N 
25 N 
NA 
NA 

7680 
3380 
290. 

2306 
138 
232. 

4250 
1400 

15 
130 
130. 

NA 
IM 
NA 
NA 
IM 

SEMIVOLATILE ORGANIC COMPOUNDS ( ia ng/ t ) 
Dimethylaniline 

•'otolP'* •'•/(iroep-*-'*-«(inmr"» 
- lOtoICo v«»cCarbwii«i.im9/l> ' • — 

NA 

NA 
' 0.0 — 

nW-2A (MED) 
F I U 

KANT 

80 0 
80 0 

29400. 
30000 

no 0 
110 0 

10 
1.0 
30 0 
30 0 
20 
36 
75 
75 
50 0 
50 0 
8.0 0 
80 0 

100 0 
IOO. 0 
050. 

lOOO 
25 
50 
NA 
NA 

10600. 
3210 
350. 

2750 
138. 
230. 

5000 
840. 
060 

70. 
79 

NA 
NA 
NA 
rM 
IM 

IM 

NA 
0 . 8 ' • • - -

nW-2A (HIGH) 
FILL 

K A N T 

80 0 
80 0 

21100. 
21600. 

no 0 
n o 0 
50 
4.0 
30 0 
30 0 
8. 

11. 
75 
75 
50 0 
SOO 
80 0 
80 0 

100. 0 
100. 0 

1590 
1550 

SON 
50 N 
NA 
NA 

12S00. 
3550 
420. 

3636 
173. 
260. 

6000 
650. 

1.8 
60 
60 

fM 
NA 
rM 
NA 
NA 

fM 

NA 
07 — 

HW-2B (LOW) 
F I U 

KANT 

80 0 
80 0 

2510 
2650 

110 0 
no 
50 
51. 
30 0 
30 0 

508. 
566. 
I l l 
111 
50 0 
5.0 0 
80 0 
80 0 

IOO 0 
IOO. 0 

2690 
2740 

SON 
SON 
NA 
NA 

111 
1790 
240. 

1751 
00 

175. 
3400 
1000 

05 0 
16 
16 

IM 
NA 
IM 
IM 
NA 

NA 

NA 
, 0 - • - -

HW-2B (MEO) 
F I U 

K A N T 

80 0 
80 0 

r3300. 
14800. 

I I O U 
n o 0 
25 
25 
30 0 
30 0 

864. 
014 
111 
111 
50 0 
50 0 
80 0 
80 0 

100. 0 
100. 0 

2500 
2510 

25 N 
50 0 
NA 
NA 

3800 
2760 

ISO. 

1106 
60 

ISO. 
1800 
770. 
087 

41. 
41. 

IM 
NA 
IM 
IM 
IM 

rM 

NA 
••..-..-..A -

MW-2B(HI6H) 
F I U 

KANT 

80 U 
80 0 

7500 
7540 
no 0 
110 0 
36 
36 
30.0 
30.0 

726. 
805. 

86 
86 
50 0 
50 0 
80 0 
80 0 

100 0 
IOO 0 

2200 
2310 

25 N 
25 N 

' • NA 
NA 

OOO 
1750. 
210 

1520 
80 

165. 
2700 
750. 

25 
41 
4 1 

NA 
NA 
NA 
NA 
NA 

NA 

NA 
—• "- . . 



Table Continued 
HC STATION NO: HV-3A2(L0W) 

SCREENED AQUIFER 
GW REGIME-

TOTAL ICTAL8 ( in pg / l ) 
Antimony (0) 
Antimony (T) 
Arsenic (0) 
Arsenic (T) 
Barium (D) 
Barium (T) 
Cadmium (D) 
Co(*nium(T) 
Chromium (D) 
Chromium (T) 
Copper (0) 
Copper(T) 
Nickei (D) 
Nickei (Tl 
Selenium (0) 
Selenium (T) 
Silver (D) 
Silver <T) 
Thallium (0) 
Thalliixn(T) 
Zinc(O) 
Zinc(T) 
Lead(O) 
Lead(T) 
Mercury (T) 
Mercury (0) 
Iron 
Monganeae 
Magnesium (inmg/l) 

MISCEUANEOUS INORGANICS ( i nmg / l ) 
Sodium 
Potossium 
Calcium 
Chloride 
Sulfate 
Sulfide 
Bicarbonou 
Alkalinity 

VOLATILE ORGANIC COMPOUNDS ( in | ig / l ) 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 
Chloroform 

F I U 
K A N T 

80 0 
80 0 
54 

0380 
110 0 
440. 

4.0 
40 
30 0 
30 

258. 
7240 

125. 
225. 
163. 
168. 
80 0 
80 0 

100. 0 
too. 0 
250. 

1350 
50 0 

100. 
NA 
NA 

62000. 
225. 
850. 

7350 
345 
320. 

14000. 
1550 

05 0 
50 
SO 

1 

1 0 
1 0 
1 0 
1 0 

NA 

MW-3A2 (MEO) 
F I U 

KANT 

80. 0 
80. 0 
41. 

10700 
no 0 
220. 

40 
40 
30 0 
30 

296. 
10700. 

125 
288 
168 
168. 
60 0 
80 0 

100 0 
IOO 0 
27S 

1880 
25 N 

125. 
NA 
NA 

I4600O 
388. 
800. 

7175 
338. 
310 

13500. 
1450 

05 0 
41. 
41. 

NA 
NA 
NA 
NA 
NA 

MW-3A2 (HIGH) 
F I U 

K A N T 

80 0 
80 0 
51. 

2440 
no 0 
330. 

40 
50 
30 0 
30 

226. 
4930 

86 
161 
175. 
175. 
80 0 
80 0 

100. 0 
100. 0 
250. 

1750 
50 N 
75 
NA 
NA 

45600. 
238. 
700. 

7300 
343. 
323. 

13500. 
1400 

05 0 
47 
47 

IM 
IM 
NA 
NA 
NA 

MW-3D (HIGH) 
FILL 

KANT 

80 0 
80 0 
26 
64 

no 0 
no 0 

1.0 0 
IOO 
30 0 
30 0 

263. 
606. 

86 
88. 

150. 
175. 
80 0 
80 0 

IOO. 0 
100. 0 
275. 
500. 

25 N 
25 
IM 
NA 

3130 
6 1 

840 

6925 
325. 
310 

15000. 
2000 

05 0 
51. 
51. 

NA 
NA 
NA 
NA ,, 
IM 

MW-4 
F I U 

KANT 

80 0 
80 0 
31 
69 

no 0 
330. 

10 0 
10 0 
30 0 

138. 
354. 

3600 
850. 

I30O 
50 0 
50 0 
80 0 
80 0 

100 0 
100. 0 
26 

250. 
25 0 
6 1 
05 0 
NA 

113000 
1590 

16 

40 
8.1 
16 
21. 

IOO. 
05 0 
67 
67 

NA 
fM 
NA 
NA , 
NA 

MW-5 
F I U 

K A N T 

80 0 
80 0 

6 0 
50 

I IOO 
660 
I O O 
I O O 
30 0 

475 
13 

431 
30 0 

268 
50 0 
50 0 
80 0 
80 0 
100 0 
100 0 
14 

563 
SOU 

100. 
05 U 
NA 

258000 
1200 

21. 

36 
14 
31. 
16 
96 
05 0 

130. 
130. 

fM 
NA 
NA 
fM ,, 
NA 

MW-« 
F I U 

K A N T 

80 0 
80 0 

6 0 
60 0 
I IOO 
1100 
10 0 
10 0 
30 0 
30 0 

8 
21 
30 0 
30 0 
50 0 
SOO 
8.0 0 
80 0 
100 0 
100 0 
8 0 
11 
50 0 
5 0 0 
05 0 
I M 

600. 
375. 

14 

31. 
54 
25 
12 
37. 
05 0 

154. 
154. 

NA 
IM 
NA 
I M 
NA 

SEMIVOLATILf ORGANIC COMPOUNDS (in Mg/i) 
Dimethylaniline 20 0 NA rM NA NA fM rM 

Total Pet.Hydrocartonsdnmg/l) 
Total OrganicCarbondnmg/I) 

fM 
13 

NA 
I.I 

IM 
0.0 

NA 
0.6 

NA 
25 

NA 
1.7 

NA 
10 



Toble Continued 
HC STATION NO: 0-6 

SCREENED AQUIFER nW-6 OUPL 
GW REGIME 

TOTAL METALS ( in Mg/i) 
Antimony (0) 
Antimony (T) 
Arsenic (0) 
Arsenic (T) 
Borium (D) 
Borium (T) 
Codmium (0) 
Codmium(T) 
Chromium (0) 
Chromium (T) 
Copper(0) 
Copper(T) 
Nickei (0) 
Nickel (T) 
Selenium (0) 
Selenium (T) 
Silver (0) 
Silver (T) 
Thallium (01 
Thalliun(T) 
Zinc<0} 
Zinc(T) 
Lead(O) 
Leod(T) 
Mercury (T) 
Mercury (0) 
iron 
Manganese 
Magr>esium(inrag/i) 

MISaUANEQUS INORGANICS ( in mg/1) 
Sodium 
Potasaiun 
Calcium 
Chloride 
Sulfate 
Sulfide 
BicartMnaU 
Alkalinity 

VOLATILE ORGANIC COMPOUM»S ( in pg / l ) 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 
Chloroform 

KANT 

80 0 
80 0 
16 
14 

no 0 
110 0 

I O O 
10 0 
30 0 
30 0 
61. 
8 1 
30 0 
30 0 
50 0 
50 0 
80 0 
80 0 

100 0 
100. 0 
80 
29 
50 0 
50 0 
05 0 
fM 

438. 
675. 

21. 

26 
63 
40 
20 
77 
05 0 

169. 
169. 

NA 
NA 
NA 
NA 
IM 

MW-S 
FILL 

PLANT 

WW-9 
F I U 

KANT 

80 0 
80 0 

250. 
963. 
no 0 

1000 
I O O 

16.0 
30 0 

750. 
8. 0 

1510 
30 0 

568. 
50 0 
50 0 
80 0 
80 0 

100. 0 
100. 0 
80 

2710 
5 0 

600. 
05 0 
NA 

360000 
606O 

9. 

22 
15 
41. 
9. 

65 
1.8 

141. 
141. 

NA 
IM 
NA 
NA 
fM 

0-9 
nW-9DUPL 

KANT 

80 0 
80 0 

311 
875. 

no 
6M). 

10 0 
H. 
30 0 

525. 
11. 

1110 
30 0 

463. 
5.0 0 
50 0 
80 0 
80 0 

too 0 
100. 0 
80 

2030 
5.0 0 

500. 
2.0 
05 0 

256000 
4690 

8. 

16 
11. 
22 
7. 
6. 

05 U 
130. 
130 

NA 
IM 
NA 
rM 
NA 

MW-12 
F i U 

KAia 

80 0 
80 0 

1060 
1830 

no 
IIOO 

10 0 
60 
30 0 

1010 
8 . 0 

16 
30 0 

675. 
SOU 
SOO 
80 0 
80 0 

100.0 
100. U 

14 
1060 

25 0 
150. 
0.7 
fM 

441000 
8130 

16 

17 
12 
34 
75 
3. 0 

05 0 
263. 
263. 

NA 
NA 
fM 
NA 
NA 

IM 

NA 

MW-13 
PTOEFIANCE 

PARKING LOT 

80 0 
80 0 
10 
25 

110 0 

no 0 
I O O 
1.0 0 
30 0 
36 
8 . 0 
8. 0 

30 0 
30 0 
50 0 
50 0 
80 0 
80 0 

IOO. 0 
IOO. 0 
90 
56 
50 0 
25 
05 0 
NA 

800O 
211 

16. 

15 
4.7 
11 
8. 

40 
05 0 

111 
111 

NA 
NA 
NA 
NA 
NA 

NA 

NA 

8-14 
COMM. SAND 4 

KANT 

80 0 
80 0 
I I . 
9 

I I O O 

no 0 
10 0 
1.0 0 
30 0 
30 0 
10 
19 
30 0 
50 0 
50 0 
50 0 
80 0 
80 0 

100 0 
100. 0 
80 0 
80 0 
5.0 0 
SOO 
NA 
NA 

475. 
311 

10 

11 
' 43 

11. 
1 
3 

05 0 
115 
115 

1 0 
1 0 
1 0 
1 0 

IM 

20 0 

NA 

80 0 
80 0 

15300. 
lOIOO. 

110 0 

no 0 
IOO 
IOO 
30 0 
30 
21 

101. 
30 0 
30 O 
50 0 
50 0 
80 0 
80 0 

100. 0 
100. 0 

11 
138. 
25 N 

250. 
fM 
NA 

19000. 
2510 
230. 

1601 
105. 
220. 

2600 
860. 

2.6 
205. 
205. 

I 0 
I 0 
I 0 
I 0 

IM 

SEMIVOLATILE ORGANIC COMPOUNDS (in pg / l ) 
Dimethylaniline NA 

''otolP'** M"4roe8'*~*»'inm9"* 
~"iotal (« yc*llcCa^t)l<•l\lllm9/l)"~'~ 

IM 
15 

20 0 

IM 
15 -

NA 

NA 
3.0 

rM 

MA 



Table Continued 
HC STATION NO; 

SCREENED AQUIFER 
GW REGIME 

TOTAL fCTALS ( in Mg/l) 
Antimony (01 
Antimony (T) 
Arsenic (0) 
Arsenic (T) 
Barium (0) 
Barium(T) 
Cadmium (D) 
Cadmium (T) 
Chromfium (0) 
Chromium (T) 
Copper(0) 
Copper (T) 
Nickel (0) 
Nickel (T) 
Selenium (0) 
Selenium(T) 
Silver (0) 
Silver IT) 
Thalliiin(O) 
Thalliim(T) 
Zinc(D) 
Zinc(T) 
Leod(O) 
Leod(T) 
Mercury (T) 
Mercury (0) 
Iron 
Monganeae 
Mogne8ium(inmg/l) 

MISaUANEOUS M0R6ANiC8( inmg/ l ) 
Sodium 
Potoasiirn 
Calcium 
Chloride 
Sulfate 
Sulfide 
Bicarbonate 
Alkalinity 

VOLATILE ORGANIC COMPOUNDS ( in Mg/l) 
Benzene 
Toluene 
Ethylt>enzene 
Xylenes 
Chlorolorm 

B-16 
F I U 

KANT 

80 0 
80 0 

4680 
5760 
no 0 
no 0 

1.0 0 
30 
30 0 
30 
5 1 

590. 
30 0 
30 0 
SOU 
5.0 0 
80 0 
80 0 

100. U 
100. U 
2 1 

568. 
SOU 
86 
NA 
NA 

25600. 
1380 

29 

170. 
30 
67 

175. 
8 1 
05 0 

470. 
470. 

SO 
5 0 
5 0 

NA 
SO 

B-17 
COMM. SANO 2 

STACK AREA 

80 0 
80 0 
20 
70 

n o 0 
no 0 

t o 0 
1.0 0 
30 0 
30 
11 

118. 
30 0 
30 0 
50 0 
50 0 
8.0 0 
9.0 

IOO. 0 
IOO. 0 
80 0 
61. 
50 0 
25 
05 0 
NA 

10600. 
275. 

5 

19 
5.7 
15 
S. 

12 
NA 
8 1 
9 1 

NA 
NA 
IM 
NA 
NA 

B-16 
COMM. SAND 2 

STACK AREA 

80 0 
80 0 
45 
54 

I I O O 
220. 

1.0 U 
10 0 
30 0 

163. 
14 

201. 
30 0 

150. 
50 0 
50 
80 0 
80 0 

100. 0 
100. 0 
60 

168. 
50 0 
36 
05 0 
NA 

66300. 
1260 

10 

86 
7.1 
22 
65 
29 

051 
9 1 
9 1 

IM 
NA 
NA 
NA 
NA 

B-10 
COMM. SAND 1 

STACK AREA 

80 0-
80 0 
61. 
64 

I I O O 
n o 0 

10 0 
10 0 
30 0 
30 0 
8 . 0 
8 0 

30 0 
30 0 
SOO 
SOO 
80 0 
80 0 

100. 0 
100. 0 
00 
10 
50 0 
50 0 
05 0 
IM 

1680 
375. 

11 

16 
4. 

14 
45 
00 
05 0 
SI. 
SI. 

IM 
NA 
NA 
IM 
f M , 

B-25 

KANT 

80 0 
80 0 
76 
76 

I I O O 
no 0 

1.0 0 
10 0 
30 0 
30 
8. 0 

11. 
30 0 
30 0 
50 0 
50 0 
80 0 
80 0 

100. 0 
100 0 
00 
24 
50 0 
26 
05 0 
NA 

21600. 
3010 

11 

0.6 
2.6 
22 
6. 
1 

05 0 
136. 
136. 

NA 
NA 
NA 
NA 
NA 

B-26 
PT. DEFIANCE 
PARKING LOT 

80 0 
80 0 
6i 0 
g 

I I O O 
330. 

1.0 0 
IOO 
30 0 

238. 
8 . 0 

206. 
30 0 

161 
5.0 0 

250.0 
8.0 0 
BOO 

lOOO 
lOOO 

16 
250 

SOU 
36 
05 U 
NA 

101000 
1160 

24 

24 
9. 

31. 
65 
56 

051 
102 
102. 

NA 
NA 
NA 
NA 
NA 

B-27 
F I U 

PARKING LOT 

80 0 
60 0 
9. 

29 
n o 0 
440. 

1.0 0 
10 0 
30 0 
40 
26 

201. 
30 0 

212 
50 0 
50 0 
80 0 
80 0 

100. 0 
100.0 

11. 
338. 

50 0 
SO 
05 0 
NA 

204000 
3240 

21. 

49 
16 
30 
30 
56 

, 05 0 
215 
215 

NA 
NA 
NA 

NA 
NA 

SEMIVOLATILE ORGANIC COMPOUNDS ( in uqf t ) 
Oimethyloniline 20 0 NA NA NA NA NA NA 

Total Pet.Hydrocirbons(inmg/l) 
Total Organic Carbon (in mg/l) 

NA 
34 

NA 
13 

NA 
0.0 

IM 
2.7 

NA 
5.7 

NA 
1.0 

NA 
1.8 



Table Continued 
HC STATION NO: 

SCREENED AQUIFER 
GW REGIME 

TOTAL METALS ( ia Mg/l) 
Antinrwny (0) 
Antiflnony(T) 
Arsenic (0) 
Arsenic (T) 
Barium (0) 
Borium(T) 
Codmium (0) 
Cocknium(T) 
Chromium (D) 
Chromium (T) 
Copper(0) 
CoppertT) 
Nickel (0) 
Nickel(T) 
Selenium (0) 
Selenium (T) 
Silver (0) 
Silver<Tl 
ThalliunlO) 
Thaillum(T) 
Zinc (01 
Zinc(T) 
Lead(O) 
Lead(Tl 
Mercury (T) 
Mercury (0) 
Iron 
Monganeae 
Magnesiimdnrog/I) 

B-3i 
COMM. SANO 2 

STACK AREA 

' 

MISCEUANEOUS INORGANICS ( in mg/1) 
Soditm 
Potosaium 
Calcium 
Chloride 
Sulfate 
Sulfide 
Bicarbonate 
Alkolinity 

VOLATILE ORGANIC COMPOUNDS ( in M O / D 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 
Chloroform 

80 0 
80 0 
30 
39 0 

no 0 
110 

I O O 
10 0 
30 0 
30 0 
2 1 
25 
30 0 
30 0 
SOO 
SOO 
80 0 
80 0 

100. 0 
IOO. 0 

10 
10 
25 0 
50 0 
05 0 
NA 

1090 
3530 
no 

2 1 
05 

178 
12 

750. 
05 0 

160. 
160. 

NA 
IM 
NA 
(M 
IM 

B-32 
COMM. SANO 2 

STACK AREA 

80 0 
80 0 
30 
50 

no 0 
no 0 
26 
26 
30 0 
30 0 
8. 0 
8 . 0 

30 0 
30 0 

3380 
3500 

80 0 
80 0 

100. 0 
100. 0 
116. 
no. 
SON 
25 0 
05 0 
NA 

450. 
200. 

0 

26 
7.7 

200. 
7. 

740 
05 0 
86 
86 

' 
NA 
NA 
NA 
IM 
NA 

8-33(10/20) 
F I U 

KANT 

80 0 
80 0 
31. 

ITS. 
110 0 
I I O O 

I O O 
10 0 
30 0 
30 0 

326. 
1120 

6 1 
75 

1750 
1680 

80 0 
80 0 

100.0 
too. 0 
263. 
738 

SON 
36 
fM 
fM 

11400. 
6 1 

810 

6625 
318 
310 

15400. 
I90O 

05 0 
4 1 
4 1 

1 0 
1 
1 0 
1 0 

NA 

8-33(10/26) 
F I U 

KANT 

NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
IM 
NA 
NA 
IM 
fM 
NA 
IM 
rM 
NA 

NA 
IM 
fM 
rM 
IM 
NA 
IM 
NA 

1 0 
1 U 
1 U 
1 U 

NA 

B-34 
FIU 

KANT 

B-3S 
F I U 

K A N T 

B-36 
FIU 

KANT 

SEMIVOLATILE ORGANIC COMPOUNDS (ia M O / I ) 
Oimethyloniline IM 

'o ta lP- * "••Jroco-*—'inmr"* 
~ I otal Oyanic Cert Ul I III mg/IX-— 

NA 
— 13 

NA 

fM 
15 

20 0 

NA 
-05 0 

10 0 

80 0 
80 0 
15 

1060 
I I O O 

no 0 
11. 
11 
30 0 
30 0 
29 

149 
300. 
338. 

2250 
2250 

80 0 
8.0 0 

100. 0 
IOO. 0 
650. 
850. 

SON 
ISO. 
NA 
IM 

6500 
75 

620. 

S275 
248. 
220. 

10400. 
1660 

05 0 
15 
15 

I 0 
I U 
I U 
I 0 

NA 

20 0 

«4 
-v ; i 0 

80 0 
80 0 

268. 
300. 
I I O O 
220. 

I O O 
10 
30 0 

111 
8. 

101. 
75 

175. 
50 0 
50 0 
80 0 
80 0 

100. 0 
100. 0 

10 
138. 
50 0 
25 N 
NA 
NA 

41300. 
3910 
770. 

750. 
118. 
400. 

1300 
820. 

09 
262. 
262. 

I 0 
I 0 
I 0 
I O 

fM 

40 0 

80 0 
86 
90 

2340 
220. 
330. 

24 
31 
30 0 

200. 
666. 

27400. 
1130 
3750 
ISOO 
1680 

80 0 
90 

100. 0 
IOO. 0 
963. 

12S00. 
36 
65 
NA 
NA 

323000 
1790 
4IO 

3686 
193. 
250. 

6600 
1150 

05 0 
36 
36 

I 0 
2 
1 0 
1 0 

NA 

NA 

44. 

40 



Table Continued 
HC STATION NO: 6-57(10/19) 

SCREENED AQUIFER 
GW REGIME 

TOTAL tCTALSda Mg/l) 
Antinrtony (0) 
Antimony (T) 
Arsenic (0) 
Arsenic (T) 
Barium (0) 
Barium<T) 
Cadmium (0) 
CadmiimtT] 
Chromium (0) 
Chromfium (T) 
Copper(0) 
Copper(T) 
r4ickel(0) 
Nickel<T) 
Selenium (0) 
Selenium (T) 
Silver (0) 
Silver IT) 
ThBl1i«in(D) 
Thalliiin(T) 
Zinc(O) 
Zinc(T) 
Leod(D) 
Lead(T) 
Mercury (7) 
Mercury (0) 
Iron 
Manganese 
Mogneaiumdnmg/i) 

MISCEUANEOUS M0R6ANICS(inmg/l) 
Sodium 
Potoaaium 
Calcium 
Chloride 
Sulfate 
Sulfide 
Bicartxtnate 
Alkalinity 

F I U 
KANT 

80 0 
268. 

10800. 
12200. 

110 0 
n o 0 

1.0 0 
11. 
30 0 
36 
8 . 0 

4540 
168. 
200. 

50 0 
50 0 
80 0 
80 0 

100. 0 
100. 0 

27750. 
32500. 

SON 
775. 
NA 
NA 

404000 
7440 

10 

25 
6.8 
67 
11 

I70O 
21 
79 
79 

VOLATILE ORGANIC COMPOUNDS ( in Mg/ll) 
Benzene 
Toluene 
Ethylt>enzene 
Xylenea 
Chlorolorm 

17 
SO 
SO 

NA 
SO 

B - 3 7 ( l / l l ) 
F I U 

KANT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

IM 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
f M 
NA 
NA 
NA 

SPRING 1 
VASHON 

STACK 

80 0 
80 0 

101. 
I l l 
no 0 
220. 

1.0 0 
10 
30 0 
30 0 
81. 

234. 
30 0 
30 0 
50 0 
50 0 
80 0 
80 0 

100. 0 
100. 0 
25 
34 
50 0 
50 0 
05 0 
NA 

7130 
175. 

11 

94 
44 
14 
8. 

25 
NA 
90 
90 

NA 
NA 
NA 
IM 
NA 

NA 

NA 
3.7 

SPRIM6 2 
COMM. SAND 2 

STACK 

80 0 
80 0 
44 

300. 
110 0 
no 0 

10 
10 
30 0 
30 
20 

368. 
30 0 
30 0 
50 0 
50 0 
80 0 
80 0 

100. 0 
100. 0 

21. 
74 
SOU 

263. 
1.8 
05 0 

9360 
568. 

11 

0.1 
24 
17 
7. 

3 1 
NA 
89 
89 

NA 
NA 
IM 

M A 
fM 

NA 

NA ' 
1.8 

COOLING POND 
SURFACE H20 

KArn 

80 0 
80 0 
64 

130. 
no 0 
110 0 

10 0 
1.0 0 
30 0 
30 0 
6 1 

126. 
30 0 
30 0 
50 0 
SO 0 

n o 
11.0 
100. 0 
100. 0 
26 
40 
50 0 
14 
05 0 
NA 

1150 
2S0. 

17 

t l . 
38 
35 
7. 

45 
05 0 

152 
152 

NA 
I M 
NA 
NA; 

' NA , 

NA 

NA 
4.8 

SEAWATER 
TIDAL STATION 

80 0 
80 0 
10 
8. 

no 0 
110 0 

1.0 0 
I O O 
30 0 
30 0 
20 
20. 
30 0 
30 0 
50 0 
50 0 
8.0 0 
8JOO 

100. 0 
100. 0 
8.0 0 
8.0 
SON 
SON 
NA 
NA 
75 
1 1 0 

9M. 

10750. 
406. 
360. 

17000. 
2300 

05 0 
SI. 
51. 

NA 
NA 
fM 
fM 
NA 

NA 

NA 
05 0 

B-7 
BLAfCC 

SEMIVOLATILE ORGANIC COMPOUNDS (in Mg/l) 
Dimethylaniline 400. 

80 0 
80 0 
6 0 

46 
110 0 
110. 0 
10 0 
10 0 
30 0 
30 0 
11 
19 
30 0 
30 0 
50 0 
50 0 

13.0 
110 
100.0 
100. 0 
80 
80 
50 0 
5.0 

05 0 
NA 
75 
11 0 

on 0 

0 
0 
0 
0 
0 

OR 

Totol PeLHydrocirtons(inmg/l) 
Total Organic Carton (in mg/l) 

NA 
260. 

150000 

04 
NA 

Ol 
0.1 

on 
3 
3. 

05 0 
1. 0 
1. 0 

SO 
5 0 
5 0 

NA 
31 

10 0 

04 
0.3 



Table Continued 
HC STATION NO: 

SCREENED AQUIFER 
GW REGIME 

TOTAL METALS ( in Mg/l) 
Antimony (0) 
Antinwny (T) 
Arsenic (0) 
Arsenic (T) 
Barium (0) 
Barium (T) 
Cadmium (0) 
Cadmium (T) 
Chron(Tium(0) 
Chromium (T) 
Copper(D) 
Copper (T) 
Nickel (D) 
Nickel(T) 
Selenium (0) 
Selenium (T) 
Silver (0) 
Silver IT) 
Thallium (0) 
Thallium (T) 
Zinc(O) 
Zinc(T) 
Lead(D) 
Leod(T) 
Mercury (T) 
Mercury (0) 
iron 
Manganese 
Mogneaium(inrog/l) 

MISCEUANEOUS INORGANICS ( in mg/1) 
Sodium 
Potosaium 
Calcium 
Chloride 
Sulfate 
Sulfide 
BicartMnate 
Alkalinity 

VOLATILE ORGANIC COMPOUfOS ( in M O / D 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 
Chloroform 

6-6 
BLANK 

80 0 
80 0 
6 0 
6 0 

I I O O 
110 0 

10 0 
10 0 
30 0 
30 0 
8. 
8. 

30 0 
30 0 
50 0 
SOO 
80 0 
80 0 

100. 0 
100. 0 
80 0 
80 0 
50 0 
5 0 

05 0 
NA 
50 
11 0 

0.11 0 

ai 0 
Ol 0 

on 0 
3. 0 
1 0 

05 0 
1 0 
1. 0 

IM 
NA 
IM 
NA 
NA 

OA-1 
ORIU WATER 

NA 
80 0 
NA 
16 
fM 

110 0 
NA 
10 0 
NA 
30 0 
NA 
21 
NA 
30 0 
NA 
50 0 
NA 
80 0 
NA 

100.0 
NA 

211 
fM 
50 0 
05 0 
NA 
I M 
IM 
NA 

NA 
NA 
NA 
IM 
NA 
NA 
rM 
IM 

5 0 
5 U 
5 U 

NA 
35 

OA-2 
ASARCO TAP 

fM 
80 0 
NA 
6. 0 

NA 
I I O O 
NA 
10 0 
NA 
30 0 
fM 
25 
NA 
30 0 
NA 
SOO 
NA 
80 0 
IM 

100 0 
NA 

ISO. 
NA 
11. 
05 0 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
IM 
NA 
fM 
fM 
NA 

5 0 
5 0 
5 0 

NA 
33 

SEMIVOLATILf ORGANIC COMPOUNDS (in pg / l ) 
Dimethylaniline NA IM NA 

'Tto lP-* "••IrocB" ' i n n V * 
~ lotol C« gonicCarfiuiMiimg/l)— 

NA 
NA 

f M 
f M 

NA 
— T M 



Svmnnary of Ctiamical Analyaia of Groundvater (Phase I) 

HC STATION NOc 
SCREENED AQUIFER: 

GW REGIME 

DISSOLVED AND TOTAL METALS (in pg/l) 
Anlimony(D) 
Antimony(T) 
Araanic(D) 
Ar8anlc(T) 
Barium(D) 
BariiHn(T) 
Cadmiim(0) 
CadmluirfT) 
Chromium(D) 
CliromiunrfT) 
CoppartO) 
CoppMiT) 
Laad(D) 
Lasd(T) 
Nickel(D) 
Nickal(T) 
S«)enium(D) 
SalaniumfT) 
SilvariO) 
SUvartT) 
Tk8lllum(D) 
Ttialllum(Tl 
Zlnc(0) 
ZIIKKT) 
Marcury(T) 

Suinda(inMg/l) 

MW1A2 
FIU 

KANT 

800 
800 

6500 
6500 

IIOU 
110 
10U 
90 
30U 
30U 
16 

180 
SOU 
90 
300 
300 
50 0 
50 0 
80 0 
80 U 

213 
213 
23 

440 
050 0 

200 U 

MWIB 
FIU 

KANT 

310 
330 
363 
363 
I IOU 
no 
375 
368 
30 U 
30 0 

2000 
3000 

50 
50 
50 
SO 
50 0 
SOU 
80 0 
80 0 

225 
225 

5400 
5400 
050 0 

000 

MW2A 
FiU 

KANT 

80U 
SOU 

25600 
27500 
. no 

no 
15 
20 
30U 
30U 

153 
120 
500 
SOU 
63 
75 
SOU 
SOU 
SOU 
SOU 
225 
225 

1150 
1850 
050 U 

2400 

MW2B 
FiU 

KANT 

SOU 
800 

15000 
15000 

IIOU 
IIOU 
SO 
55 
30U 
30U 

IIOO 
1200 

SOU 
SOU 
88 
86 
SOU 
SOU 
80 0 
SOU 
no 
no 

3100 
3300 
050 U 

2000 

nW3A2 
FiU 

KANT 

SOU , 
SOU ' 
84 

106 
110 
220 
30 
40 
30 U 
30 U 

135 
141 
SOU 
SOU 

175 
175 
SOU 
SOU 
SOU 
SOU 

375 
368 
280 
260 
050 U 

200 U 

MW3B 
FiU 

KANT 

SOU 
800 
16 
23 

220 
220 
30 
30 
30U 
30 U 

360 
300 
SOU 
SOU 
75 
75 
50 0 
SOU 
SOU 
SOU 
375 
400 
320 
350 
050 0 

200 U 

MW4 
FIU 

KANT 

SOU 
SOU 
60 

245 
I IOU 
220 
lOU 
lOU 
30 U 
30 U 

600 
600 
SOU 
30 

750 
540 
SOU 
SOU 
SOU 
SOU 
lOOU 
100U 
25 

100 
050 U 

200 U 



Continued 

HC STATION NOt 
SCREENED AQUIFER: 

GW REGIME 

DISSOLVED AND TOTAL METALS ( in Mg/l) 
Antimony<D) 
Antimony(T) 
Araanlc(O) 
Arsanic(T) 
BoriunrfO) 
Barium(T) 
CadmiunrfD) 
Cadmium(T) 
Cliromiuni(D) 
Chr«mium(T) 
CoppartD) 
CoppadT) 
LaacND) 
LaacKT) 
MckaUD) 
NickeUT) 
SalaniumtD) 
8a)anium(T) 
8l lvar(D) 
8l lvar(T) 
T)ial)lum(O) 
Ttialllum(T) 
Zinc(D) 
Zlnc<T) 
Marcury(T) 

Sulfide ( in MO/I) 

nws 
FIU 

KANT 

SOU 

sou 
I I 
31 

I I O U 
550 
10 U 
10 
30U 

240 
13 

194 
SOU 
40 
SOU 

163 
SOU 
SOU 
SOU 
SOU 
100 0 
lOOU 

sou 
243 
050 U 

1300 

nwB 
FIU 

KANT 

SOU 
SOU 
10 
15 

IIOU 
110 
10 
10 
30U 
SOU 
SOU 
10 

sou 
sou 
30U 
30U 
SOU 
SOU 
SOU 

sou 
100 u 
lOOU 
80 
I I 

050 0 

200 U 

nwB 
FiU 

KANT 

SOU 

sou 
2O6O0 
20600 

UOU 
I I O U 
10 U 
100 
30U 
SOU 
11 
I I 

50.0 U 
SOU 
300 
SOU 
SOU 
SOU 
SOU 

sou 
100 

no 
80 
80 

050 U 

3100 

HWO 
FiU 

KANT 

SOU 

sou 
323 
3S6 
110 
110 
10 
30 
30U 
30 
SOU 
49 
SOU 
30 
SOU 
30U 
SOU 
SOU 
SOU 
SOU 
lOOU 
lOOO 
80 
96 

050 0 

1200 

nwi2 
FIU 

KANT 

SOU 

sou 
761 
804 
220 
440 
IOO 
10U 
300 

190 
SOU 
94 
SOU 
30 
SOU 

113 
SOU 
SOU 
SOU 
SOU 
100 0 
lOOU 
23 

209 
050 0 

2600 

MW1S 
GLACIAL OfUFT 

PARKING LOT 

SOU 

sou 
80 
10 

no 
no 
lOU 
10 

sou 
30U 

sou 
25 

sou 
sou 
sou 
sou 
sou 
sou 
sou 
sou 
100U 
lOOU 
19 
73 

050 U 

1700 

SPRING 1 
VASHON AOV. 
STACK AREA 

SOU 
SOU 

^ ' 1 
73 ' 

I IOU 
IIOU 
100 i 
10 

sou 
sou 
38 
36 

sou 
sou 
SOU 
SOU 
SOU 
SOU 
SOU j 

sou 
100 u 
lOOU 
31 
31 

050 0 

1500 
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Table L-1 Sunrvnary of Chemical Analysis of Leaching Test Soils 

TEST PIT NO: 
SAMKE DEPTH: 

MATRIX: 

TP-I 
2 5 - 4 

SANO F I U 

TP-2 
4 - 6 
SILT 

TP-3 
1 5 - 2 5 

SANO F I U 

11 U 
4200 

80 
17. 

110. 
1631 
2356 

54 
94 
11 U 
9S 
11 U 

400. 

TP-5 
1 5 - 3 5 

S1AGA)RE 

89 
5175 
405. 

2 1 
200. 
815 

3425 
27. 

162. 
27. 
46 
11 U 

3750 

TR-6 
2 - 3 5 

SILT F I U 

11 U 
20375. 

31. 
6g 
76 

515 
11 
17. 
42 
35 
35 
11 U 

150. 

TP-7 
1 5 - 2 5 

SANO F I U 

11 U 
10 
89 
90 
86 

136. 
160. 
034 

75 
19 
3.8 
11 U 

398. 

TP-8 
as -2 

SLAG 

TOTAL METALS ( in mg^ig) 

Antimony 
Arsenic 
Barium 
Cadmiun 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

EP-TOXiCITY METALS ( in mg/1) 

EPTOX Arsenic 
EPTOX Silver 
EPTOXBorium 
EPTOX Codmium 
EPTOX Chromium 
EPTOX Mercury (in PO/D 
EPTOXLead 
EPTOX Selenium 
EPTOX Copper 
EPTOX Zinc 
pH 

114 
2305 

36 
050 U 

71. 
217. 

1621 
11. 
66 
25 
16 
1 1 0 

263. 

11 
56 
71 
7.1 
82 

3700 
478. 

51 
65 
41 
7.9 
11 

691 

278. 
9950 
615 

24. 
698. 

45250. 
11950. 

0.56 
640. 

46 
98 
15 

20400. 

057 
0OO8O 
050 0 
0O2U 

0033 U 
05 U 

0O33U 
0.063 0 
0024 
012 

S.8 

0010 
0008 0 
050 0 

0O32 
0O33 0 

05 0 
0.033 0 
0.083 0 

14 
093 

4.9 

35 
0.008 0 
050 0 

0.063 
0.033 0 

05 0 
015 

0.063 0 
45 
21 
44 

0097 
0.008 0 
050 0 

0051 
0033 0 

05 0 
0094 
0063 0 

1.7 
21 
50 

31 
0008 0 
050 0 

0020 0 
0033 0 

05 0 
0033 0 
0063 0 
0.00 
0.67 

45 

0.033 
0.008 0 
050 0 

0.020 0 
0.033 0 

05 0 
0033 0 
0063 0 
0017 0 
054 

64 

0013 
0008 U 
OSOU 

0.020 U 
0.033 U 

OSU 
0033 U 
0065 U 

1.6 
0.11 

54 



Chemical Analysis of Leacking Teat Water 

TEST PIT NO: 
PORE VOLUME 

L8 ( in Mg/l) 

TP-1 
PV- i 

400. 
411 
I I O U 

10 
30 U 
41. 
25 U 
05 N 

6 I 1 J 
838. 

8.0 
IOO. U 
398. 

TR-I 
PV-2 

468. 
711 

no 
10 0 
30 0 

131. 
SON 
05 N 

250. J 
6 0 
80 0 

100. 0 
75 

TV-I 
PY-3 

863. 
1030 
110 

I S O 
30 0 
54 
SON 
05 N 

125. J 
9.0 
80 0 

IOO. 0 
81. 

TP-I 
PV-4 

925. 
4360 

110.0 
10 0 
30 0 
4 1 
SOU 
05 N 

100 J 
SOU 
SOU 

100. 0 
41. 

TP-I 
PV-5 

900. 
20100. 

110.0 
1 0 0 
30 0 
80 0 
50 0 
05 N 

175. J 
50 0 
80 0 

100. 0 
29 

TP-3 
PV-1 

80 0 
27100. 

no. 0 
2340 

30 0 
175400 

3M. 
05 N 

325. J 
163. 
80 

100. 0 
97500. J 

Antinrwny 
Arsenic 
Barium 
Codmiun 
Chromium 
Copper 
Lead 
Mercury 
Nickei 
Selenium 
Silver 
Thalliun 
Zinc 

pH 65 66 68 70 7.1 43 



Table Continued 

TEST PIT NOt 
PORE VOLUME 

DISSOLVED METALS ( In pg / l ) 

AntinrMny 
Arsenic 
Barium 
Cadmium 
Chronnium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

TP-3 
PV-2 

80 0 
32900. 

no 0 
838. 

30 0 
65500. 

200. 
05 N 

911 J 
125. 
35 

100.0 
31900. J 

TP-3 
PV-3 

80 0 
26800. 

no. 
425. 

30 0 
33500. 

125. 
05 N 

525. J 
31. 
10 

100. 0 
16600. J 

TP-3 
PV-4 

80 0 
27800. 

no. 
268. 

30 0 
22600. 

88. 
05 N 

375. J 
29 
80 0 

100. 0 
10600. J 

TP-3 
PV-5 1 

80 0 
27100. 

110.0 
235. 

30 0 
17800. 

32 
05 N 

375. J 
80 
80 0 

110.0 
9000 J 

TP-6 
PV- i 

80 0 
403100 

110.0 
134. 
30 0 

16800. 
SON 
40 J 

300. J 
50 0 
80 0 

100.0 
10700. J 

TP-6 
PV-2 

80 0 
571900 

110 U 
86 
30 0 

11200. 
SON 
18. J 

168. J 
SOU 
80 0 

100. U 
6700 J 

pH 43 45 45 4.6 3.9 3.9 



Table Continued 

Antimony 
Arsenic 
Barium 
Cai^iun 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

TEST PIT NO: 
PORE VOLUME 

LS (in Mg/l) 

TP-6 
PV-3 

SOU 
360600 

no 0 
46 
30 0 

6540 
50 0 
99 J 

125. J 
50 0 
SOU 

100. 0 
3800 J 

TP-6 
PV-4 

80 0 
328600 

no 
36 
30 0 

5400 
SOO 
3.8 J 

100. J 
SO 0 
80 0 

100. 0 
3000 J 

TP-6 
PV-5 

80 0 
300000 

110. 0 
34 
30 0 

4610 
50 0 
21 J 

100. J 
50 0 
80 0 

100. 0 
2700 J 

TP-7 
PV-I 

80 0 
16 

110. 
20 
30 0 
26 
SOU 
05 N 

125. J 
SOU 
SOU 

100. U 
541. 

TP-7 
PV-2 

SOU 
21 

I IOU 
20 
30 U 
90 
SOU 
05 N 

2 I 1 J 
SOU 
SOU 

100. U 
138. 

TP-7 
PV-3 

SOU 
15 

IIOU 
11 
30 U 
14 
SOU 
05 N 
168 J 
SOU 
16 

100 U 
174 

TP-7 
PV-4 

80 0 
56 
no 
8.0 
30 0 
80 
SOO 
05 N 
213 J 
SOO 
80 0 
lOOO 
59 

pH 40 40 40 7.1 6g 7.1 69 



Table Continued 

TEST PIT N a 
PORE VOLUME 

DISSOLVED ICTALSdn pg / l ) 

Antimony 
Arsenic 
Barium 
Cadmium 
Chronrrium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
ThalVdi) 
Zinc 

TP-7 
PV-S 

80 0 
19 

no 0 
30 
30 0 
80 0 
SOO 
05 N 

111 J 
50 0 
80 0 

100.0 
35 

TP-6 
PV- I 

400. 
100. 
no 0 

10 
30 0 
63 
50 0 
05 N 

125. J 
SOO 
80 0 

100. 0 
393. 

TP-8 
PV-2 

52S. 
94 

no 0 
IJO 

30 0 
90 
SOO 
05 N 

111 J 
SJOO 

80 0 
100 0 

41. 

T I ^8 
PV-3 

363. 
36 

110. 
10 
30 U 
39 
SOU 
05 N 

1 I 1 J 
SOU 
SOU 

IOO. U 
64 

TP-8 
PV-4 

125. 
34 

110. 
30 
SOU 

163. 
55 
05 N 

I I I J 
SOU 
SOU 

100. U 
123. 

TP-8 
PV-5 

80 0 
41. 

no 
40 
30 U 
69 
SOU 
05 N 

138. J 
SOU 
SOU 

100. U 
79 

LM-1 
STARTING H20 

SOU 
60 

I I O U 
30 
SOU 
80 
SOU 
05 N 
SON 
SOU 
SOU 

100. U 
80 

pH 75 7.7 75 7J6 73 75 
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Pararaetrix Inc. — Environii iBntal Data Svstes 

HflRJNE SEDIHENT SAHPLES - (TOTAL HETALS) 

Sta Id Ani Event 

HSH-OC-l TOT ROUHD-l 
I1BH-00-2 TDT ROUHD-1 
HSK-00-3 TOT ROUHD-1 
MSM-01-1 TOT RDUND-1 
KSrt-02-1 TOT RDUHD-1 
HBH-02-2 TOT ROUND-1 
MEM-02-3 TOT ROUND-1 
MSH-03-1 TOT ROUND-1 
HSH-03-2 TOT ROUND-1 
KEH-03-3 TOT RDUHD-1 
hEH-04-0 TDT RDUND-1 
HBH-04-1 TOT ROUND-1 
l1E.H-0(-2 TOT ROUND-1 
HSM-04-3 TOT ROUND-l 
HSn-05-0 TOT ROUND-1 
MSH-05-1 TOT ROUHD-1 
HBH-05-2 TOT ROUND-1 
MSM-05-3 TOT ROUND-1 
MSK-06-0 TOT ROUND-1 
HSH-Ot-1 TOT ROUND-I 
HEI1-0i-2 TOT ROUND-1 
IIEH-Ot-3 TDT ROUND-l 
«BH-0l>-4 TOT RDUND-i 
I1SH-07-1 TDT f<OUKD-l 
NBI1-07-2 TOT ROUfiD-1 
«SH-07-3 TDT RDUND-l 
HE:H-07-4 TOT RDUKD-l 
MBH-07-5 TCT RDUIiD-1 
HBt1-07-6 TOT RDUKD-I 

HSH-07-7 TDT ROUND-1 
HSM-OB-l TOT ROUND 1 
KSK-OB-2 lOT ROUND-l 

Arsenic 
ppo 

9.OOOJ 
120.OOOJ 
21.000J 
23.OOOJ 

320.OOOJ 
240.OOOJ 
70.OOOJ 

1620.OOOJ 
555.OOOJ 
170. OOOJ 
905.OOOJ 

4915.OOOJ 
&600.000J 
49B5.000J 
100.OOOJ 

6450.OOOJ 
6950,OOOJ 
1400.000J 
B5.000J 

B400.000J 
6350.OOOJ 
1620.OOOJ 
100.OOOJ 

3620.OOOJ 
6700.OOOJ 
5050.OOOJ 
100.OOOJ 
65.OOOJ 
IB,OOOJ 
16.OOOJ 

4585.OOOJ 
565.OOOJ 

Copper 
ppa 

39.000 
152.000 
27.000 
60.000 

218.000 
147.000 
50.000 

1145.000 
381.000 
290.000 
725.000 

3115.000 
2545.000 
2225.000 
615.000 

3245.000 
3450.000 
800,000 
725,000 
2985,000 
3260,000 
930,000 
49,000 

7600.000 
3360.000 
2535.000 

64.000 
51.000 
35.000 
Ifc.OOO 

195.000 
444,000 

Lead 
ppa 

26,000 
118,000 
32,000 
52,000 

251,000 
15B.0.)0 
72,000 

1805,000 
B30.000 
477,000 
1040.000 
6650.000 
6100.000 
3765.000 
191.000 

5400.000 
6650.000 
1355.000 
145.000 

9400.000 
5"; 50.000 
1630.000 
85.000 

2450.000 
500C.005 
4625.000 

72.000 
39.00!! 
26.00;! 
26.000 

3540.000 
462.000 

Zinc 
pps 

iB.OOO 
406.000 
105.000 
116.000 
B5C.OO0 
530,000 
223.000 

6940.000 
43.05.000 
2115.000 
4630.000 
16000.000 
1625.000 

1U50.000 
990.0(0 

19050,000 
1700,000 
3830,000 
378.000 

20B50.00C 
16750.000 
42?0.000 
202.000 

5360.000 
17SOO.O0O 
19W0.000 
215.000 
117.000 
7l.OOC 
54.000 

•12100.000-
12fc5.00) 



Paraaetrix Inc. — Environaental Data Svsteo 
HARINE SEDIHENT SAHPLES - (TOTAL HETALS) 

Std Id Ani Event 

HBH-08-3 TOT ROUND-1 
HBH-OB-4 TOT ROUND-1 
HSH-09-1 TOT ROUND-1 
HSH-09-2 TOT ROUND-1 
HSH-09-3 TDT R(5UND-1 
HSH-09-4 TOT ROUSD-1 
HSH-09-5 TOT RDUND-1 
HSrt-09-6 TOT RDUND-1 
HSI1-09-7 TOT ROUND-1 
HSH-09-B TOT ROUHD-1 
HSH-10-0 TOT RQUND-1 
HBM-10-1 TOT ROUNO-1 
HSH-10-2 TOT RQUHD-1 
HSH-10-3 TDT ROUND-1 
HSH-10-4 TOT ROUND-1 
HSM-11-1 TOT ROUND-I 
H3H-11-2 TDT ROUHD-1 
HSH-11-3 TOT ROUND-1 
HSH-11-4 TOT ROUND-1 
MEH-11-5 707 ROUMD-1 
HSri-11-6 TDT ROUND-1 
HEH-11-7 TDT ROUND-1 
HSH-ll-e TOT RQUND-1 
HSK-11-9 TDT ROUHD-l 
HS(1-12-1 TOT RDUHD-1 
HBH-12-2 TOT RGUND-1 
HEH-12-3 TOT RDUND-l 
HSH-12-4 TDT ROUND-1 
HEM-12-5 TOT ROUND-1 
HSH-13-1 TOT RCUND-1 
HSH-13-2 TOT RDUHD-1 
HSH-13-3 TCT RDUND-1 

Arsenic 
pps 

320.OOOJ 
160.OOOJ 

5950.OOOJ 
200.OOOJ 
65.OOOJ 
29. OOOJ 
16.OOOJ 
25.OOOJ 
12.OOOJ 
9.500J 

4105.OOOJ 
665.OOOJ 
170.OOOJ 
38.OOOJ 
42.OOOJ 

4995.OOOJ 
410,OOOJ 
55,OOOJ 
47,OOOJ 
28,OOOJ 
21. OOOJ 
12.OOOJ 
12.OOOJ 
7,500J 

5050.OOOJ 
190.OOOJ 
60.OOOJ 
35,OOOJ 
16,OOOJ 

2360.OOOJ 
60.OOOJ 
65,OOOJ 

Copper 
ppa 

163.000 
125,000 

8950.000 
248,000 
82.000 
55,000 
36,000 
25,000 
IB.OOO 
19.000 

18300.000 
1665.000 
243.000 
53.000 
58.000 

12600.000 
1075.000 
106.000 
80.000 
50.000 
87.000 
19.000 
20.000 
15.000 

7650.000 
497.000 
200.000 
60,000 
46.000 

5400.000 
152.000 
130.000 

Lead 
ppa 

118.000 
105.000 

3670.000 
15B.000 
52.000 
39.000 
39.0D0 
32.000 
19.000 
19.000 

3910.000 
690,000 
118.000 
39.000 
39.000 

3135.000 
381.oeo 
59.000 
46.000 
39.000 
39.00.0 
26.000 
26.0.00 
26.000 

4565.COO 
138.000 
72.000 
39.000 
46.000 

2510.000 
59.000 
59.000 

' Zinc 
ppa 

394.000 
330.000 

5450.000 
355.000 
155.000 
92,000 
75,000 
75,000 
62.000 
58,000 

4080,000 
1010,000 
330,000 
100.000 
109.000 

2430.000 
505.000 
100.000 
121.000 
104.000 
92.000 
58.000 
62.000 
54.000 

5100.000 
219.000 
151.000 
79,000 
93.000 

1700.oeo 
86.000 
121.0)0 

I I 
; ! 
'. I 

I ' I 
j • 

! 
i" 
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Paraaetrix Inc. -- Environaental Data Svstea 
HARINE 3EDIKENT SAHPLES - (TOTAL METALS) 

Sta Id Ani Event 

HSn-13-4 TOT ROUND-1 
HSH-13-5 TOT ROUND-1 
MSH-13-6 TDT ROUND-1 
HSH-13-7 TOT RDUND-1 
HSH-13-B TOT ROUND-1 
MSH-14-1 TOT ROUND-1 
HBM-14-2 TOT ROUHD-1 
HEH-14-3 TDT ROUHD-1 
HEH-14-4 TOT ROUND-1 
HEH-14-5 TDT ROUNO-1 
HSH-15-2 TOT ROUHD-1 
HSH-15-3 TOT ROUND-1 
HSH-15-4 TOT ROUND-1 
HBH-15-5 TOT ROUND-1 
HSH-16-1 TOT ROUHD-1 
HSH-16-2 TOT ROUND-1 
HEH-16-3 TOT ROUND-1 
HBn-16-4 TOT RDUND-1 
HStM7-l TOT ROUND-1 
HSH-17-2 TOT ROUND-1 
HBH-17-3 TOT ROUND-1 
MEH-17-4 TOT ROUND-1 
HSH-lB-1 TOT ROUND-l 
HSM-18-2 TDT ROUND-1 
HSH-lB-3 TOT ROUND-1 
HBH-19-1 TOT ROUND-1 
HSH-19-2 IDT RDl'ID-1 
HEH-20-1 TOT ROilHD-l 
HBH-20-2 TOT ROUHD-1 
fiBM-21-1 TOT ROUHD-1 
MSH-21-2 TOT ROUND-1 
MSH-21-3 TOT RDUKD-1 

Arsenic 

PP» , 

24.OOOJ 
15,OOOJ 
33.OOOJ 
12.OOOJ 
11,OOOJ 

11100.OOOJ 
160.OOOJ 
35.OOOJ 
60.OOOJ 
29.OOOJ 
290.OOOJ 
47.OOOJ 
30.OOOJ 
13.OOOJ 

270.OOOJ 
75.OOOJ 
26.OOOJ 
11.OOOJ 

210.OOOJ 
39.OOOJ 
21. OOOJ 
7.OOOJ 

65.OOOJ 
35,OOOJ 
26,OOOJ 
26,OOOJ 
120.OOOJ 
11.OOOJ 
20.OOOJ 
18.000J 
26.OOOJ 
32.OOOJ 

Copper 
ppo 

47.000 
23.000 
16.000 
17.000 
14.000 

3850.000 
306,000 
179.000 
46.000 
31.000 
300.000 
72.000 
37.000 
32.000 
190.000 
57.000 
27.000 
24.000 
910.000 
84.000 
52.000 
26.000 
295.000 
71.000 
36.000 
77,000 
52.000 
61.000 
54.000 
94.000 
74.000 
87.000 

Lead 
ppa 

39.000 
26.000 
19.000 
32.000 
19.000 

3405.000 
105.000 
65.000 
39.000 
32.000 
116.000 
46.000 
32.000 
26.000 
59.000 
32.000 
19.000 
13.000 

217.000 
26.000 
32.000 
19.000 
72.000 
32.000 
26.000 
26.000 
26.000 
13.000 
32.000 
39.000 
39.000 
46.000 

Zinc 
ppa 

71,000 
49.000 
41.000 
54.000 
45.000 

7600.000 
249.000 
134.000 
75.000 
71.000 

296.000 
79.000 
71.000 
58.000 
141.000 
64.000 
46.000 
50,000 
223.000 
46.000 
64.COO 
46.000 
109.000 
64,000 
46.000 
37.000 
4 l.OCO 
26.000 
41.COO 
59. (.00 
128.000 
114.000 



Paraaetrix Inc, — Environaental Data Svstea 
HARIME SEDIHENT EfiHPLES - (TOTAL HETALS) 

Sta Id Ani Event 

HSH-22-1 TOT ROUND-1 
HSH-22-2 TOT ROUNO-1 
HSH-22-3 TOT ROUND-1 
REP-1 TOT RDUND-1 
REP-3 TOT ROUND-1 

Arsenic 
ppo 

IB.OOOJ 
39,OOOJ 
11.OOOJ 
22,OOOJ 
IB,OOOJ 

Copper 
ppa 

90,000 
156,000 
49,000 
43,000 
22,000 

Lead 
ppa 

105.000 
176,000 
39,000 
39,000 
13.000 

Zinc 
ppa 

105,000 
191,000 
64.000 
B3.00D 
50.000 

REP-4 TOT RDUHD-1 5750.OOOJ 3335.000 7300.000 20550,000 



flARINE EEDiHENT SfiHFLEE - (TOTAL METALS) 

Sta Id 

Tl-l 
TlO-1 
TlO-2 
Tll-7 
T12-1 
T14-2 
T14-2, 
T14-2, 
T14-2, 
T14-2, 
T15-1 
T15-1, 
T15-1, 
T15-1, 
T15-1, 
T16-1 
T16-4 
TlE-2 
T2-1 
T2-5 
T2-6 
T2-t0 
T22-1 
T22-2 
T:A-5 
T3-2 
T3-20 
T3-4 
TJ-5 
T3-6 
T4-1 

Ani Event 

TOT ROUND-2 
TDT RDUND-2 
TDT ROUHD-2 
TOT RDUNO-2 
TOT ROUND-2 
TOT ROUND-2 

L TOT RDUND-2 
M TDT ROUND-2 
R TOT ROUND-2 
S TOT ROUND-2 

TOT RDUND-2 
L TOT ROUND-2 
K TOT ROUND-2 
R TCT ROUND-2 
S TOT ROUND-2 

TOT RIJUND-2 
TOT ROUND-2 
TOT RDUND-2 
TOT ROUND-2 
TOT ROUND-2 
TOT ROUND-2 
TOT R0U.'ID-2 
TOT RDUND-2 
TOT RDUND-2 
TCT RQyHD-2 
TCT RDL:ND-2 

TOT RDLIND-2 

TOT ROLIND-2 

TD? RC'JHD-2 

TDT ROUND-2 
TCT RCUNr-2 

Arsenic 
ppo 

19.000 
590.000 
95.000 
13.000 

2355.000 
69.000 
58,000 
102,000 
60.000 
145.oeo 

20225.000 
8475.000 
17500.000 
20575.000 
18025.000 

48.000 
16,000 
33,000 
30.000 
27,000 
36.OOOJ 
34.OOOJ 
49.000 
46.000 
83.OOOJ 
455.000 
465.000 

2376.000 
1940.000 
1130.oeo 
7100.000 

Copper 
ppa 

50.000 
1873.000 
152.000 
21.000 

8200.000 
148.000 
225.000 
238.000 
158.000 
373.000 
4600.000 
4725.000 
4800.000 
4900.000 
5725.000 
141.000 
21.000 
65,000 
120.000 
23.000 
27.OOOJ 
28.OOOJ 
139.000 
104.000 
62.0G0J 

244.000 
248.000 
998.000 
793.000 
468.000 
3500.000 

Lead 
ppa 

33.000 
860.000 
77.000 
28.000 

3275.000 
59.000 

6475.000 
95.000 
73.000 
108.000 

4430.000 
4650.000 
3625.000 
45CO.00O 
4025.000 
44.000 
19.oeo 
35.000 
65.000 
35.000 
44.OOOJ 
5J.0M0J 
117.000 
620.000 
109.OOOJ 
486.000 
540. 'M 

2600.000 
•565,000 
0^5.000 
7900.000 

Marcjry 
ppb 

275.OOOOJ 
1 BOO.OOOOJ 
600.OOOOJ 
60.OOOOJ 

5600.OOOOJ 
250.0000 
120.0000 
31O.OCOO 
270.0000 
530.0000 
5400.0000 
8300.0000 
16000.0000 
16000.0000 
40000.0000 
220.OOOOJ 
70.OOOOJ 
120.00(OJ 
735.OOOOJ 
50.OOOOJ 
75,OOOOJ 
55, OOOOJ 

30J.000C 
340,0000 
270.0C(iej 
140,000-3 
170,0000 
260.OOOOJ 
260.00003 
250.000C'J 
200.CC0O 

Zinc 
ppa 

66.000 
1000,000 
176,000 
55,000 

3975,000 
141,000 
463.000 
162.000 
147.000 
213.000 
2825.000 
7500.000 
2800.000 
2875.000 
1426.000 
61.000 
53.000 
56.000 
110.oeo 
91.000 
lll.OOCJ 
109,OOOJ 
145.000 
185.000 
355.OOOJ 
2275.050 
2420.000 
11250.000 
6175.000 
2725.OOC 
19700.0(0 



HARINE SEDK^ENT SAMPLES - (TOTAL HETALS) 

Sta Id 

T4-1, 
T4-1, 
T4-1, 
T4-1, 
T4-2 
T4-2 
T4-2, 
T4-2, 
T4-2, 
T4-2, 
T4-4 
T5-0 
T6-1 
T6-3 
TE-4 
TO-2 
TO-3 

L 
M 
R 
S 

L 
H 
R 
S 

Ani Event 

TDT RDUND-2 
TOT RC;UND-2 
TOT ROUND-2 
TOT RDUHD-2 
TOT RQUND-2 
TDT ROUND-2 
TOT ROUIiD-2 
TOT ROUND-2 
TOT ROUND-2 
TOT ROUHD-2 
TOT ROUND-2 
TOT RGUND-2 
lOT RCUND-2 
TOT RO'JND-2 
TOT RQW;D-2 

TDT ROUND-2 
TDT R3UHi:-2 

Arsenic 
ppt 

5575.000 
5575.000 
5325.000 
744.000 

7350.000 
6825.000 
7075.000 
3900.000 
6000.000 
2305.000 

26.000 
86.oeo 

9150.000 
2550.000 

55.000 
14.000 
35.000 

Copper 
ppa 

3425.000 
3075.000 
2600.COO 
2950.000 
3025.000 
2925.000 
3175.000 
1673.000 
2675.000 
618.000 
20.000 

B05.000 
3375.000 
1203.000 
70.000 
30.000 
BO.000 

Lead 
ppa 

7425.000 
6425.000 
6075.000 
1435.oeo 
6725.000 
6200.000 
7600.000 
3000.000 
5975.000 
820.000 
31.000 

243.000 
9975.000 
2223.000 

62.000 
24.000 
9B.0C0 

Hercury 
ppb 

150.0000 
350.0000 
300.OOOOJ 

2100.0000 
170.0000 

;4o.(iooo 
260.0000 
250.0000 
210.0000 
550.0000 
90.OOOOJ 

340.OOOOJ 
160.OOOOJ 
250.OOOOJ 
190,OOOOJ 
95.OOOOJ 
135.(:000J 

Zinc 
ppa 

18100.000 
15875.000 
14750.000 
1748.000 

17625.000 
16625.000 
19675.000 
6650.000 
15550.000 
1906.000 
95.000 

1200.000 
21E00.00O 
5800.000 
143.000 
60.000 

225.000 

b: 



CAftlNE SEDIMENT SAMPLES - (EP TOdCITY) 

Sta Id 

Tl-1 
TlO-1 

TlO-2 
T l l -7 

T12-1 

T16-1 

T16-4 

TlB-2 

T2-1 

T2-5 

T2-6 

T2-60 

T22-1 

T22-2 

T2A-5 

T3-2 

T3-20 

T3-4 

T3-5 

T3-6 

T4-2 
T4-4 

T5-0 

T6-1 

T6-3 

Te-4 

TD-2 

TO-3 

Ar;l Event 

EPT RGUND-2 

EPT ROUND-2 

EPT ROUND-2 

EPT ROUND-2 
EPT ROUND-2 

EPT ROUHD-2 

EPT ROUND-2 

EFT ROUND-2 

EPT RDUND-2 

EPT RGUND-2 

EPT ROUND-2 

EPT RDUND-2 

EPT ROUND-2 

EPT RGUND-2 

EPT RDUND-2 

EPl ROUND-2 

EPT RDUND-2 

EPT ROUND-2 

EPT ROUND-2 

EPT ReUND-2 

EPT ROUHD-2 

EPT RO'JND-2 

EPT RO'JND-2 

EPT ROUHD-2 

EPT ROUND-2 

EFT RDUHD-2 

EPT ROUND-2 

EPI RDWJD-2 

Arsenic 
ppt 

0.330< 

0.330( 

0.330i 

O.J30< 

0.330( 

0.330< 

0.330( 

0.330{ 

0,330< 

0.J30< 

O.J30< 

0.330; 

O.J30< 

0.330< 

0.330( 

0.330< 

0.330< 

0.330< 

0.330< 

0.330( 

0,830 

0,J30< 

0,330< 

0.330( 

0,J30< 

0.330( 

0,330< 

0,330< 

Cadaiua 
ppa 

0,0200< 

0.0030< 

0.0030( 

0.0030< 
0.0250 

0.0030< 

0.0030( 

0.0030( 

0.0200< 

0.0C30< 

0.0030< 

0.0030C 

0.0030 

0.0050 

0.0C30< 

0.0030< 

0.0030< 

0.0030< 

0.0030< 

0.0030( 

0.0030( 

0.0030 

0.0030< 

0.0030< 

O.0030< 

D.0030( 

0.0200-; 

0.0200( 

Chroiiiua 
ppa 

0.033.( 

0,O33< 

0,033< 
0.033{ 

0,033( 

0.033< 

0.03T.( 

0.03J( 

0.033< 

0.033( 

0.033; 

0.033; 

0.037.; 

0.033; 

0.033; 

0,03J< 

0.033; 

0.033( 

0.033; 

0.033; 

0.033< 

0.033( 

0.033< 
0.033; 

0.033; 

O.0.33.( 

0.033< 

0.031! 

Lead 
ppa 

0.020< 

0.100 

0.C67 

0.020; 

0.520 

0.020 

0.020< 

0.020( 

0.020; 

0.020< 

0.020: 

0.020; 

0.020( 

0.020 

0.020< 

0,020; 

0.020; 

D.020< 

o.o:o 
0.020; 

C.020( 

0.020< 

0.033 

0.020 

0.020< 

0.020 

0.020-; 

5 .020; 

Mercury 
ppb 

0.5000N 

O.SOOON 

O.SOOON 

0.5000N 

0.5000N 

O.SOOON 

O.SOOON 

O.SOOOM 

O.SOOON 

o.sooo; 
0.5000!! 

O.SOOON 

0.5000< 

0.5000< 

O.SOOON 

0 .5000 ; 

0.5000< 

0.5C00< 

o.sooo; 
0.5000< 

0.5000; 

0 .5000; 

O.SOOON 

0.5000; 

0.5C00< 

0.5000< 

O.SOOON 

O.SOOCfi 

SeleniuA 
ppa 

0.OB30; 

O.OBOO; 

O.OBOO-; 

O.OBO0< 

o.oBoo; 
O.0B0O-; 

0 .0600; 

O.OBOO; 

0.0B30; 

O.0B(i-5{ 

o.OBOo; 
o.OBoo; 
0.0800< 

0.oeoo; 
0.0300-:; 

0.06&0< 

O.C800; 

o.osoo< 
0.0600; 

0 .0600; 

0 .0600; 

0.0B00< 

O.OBCC-; 

0 .0600; 

o.tBOo-; 
O.OBOO; 

U.033C; 

0 .0830; 

S i l v e r 

ppji 

o.ooeo< 
0,00B0< 

0.0030; 

0 .0080; 
0.0080< 

o.ooeo< 
o.ooao; 
O.OOBO-; 

0 .0080; 

O.OOBO; 

o.ooEo; 
o.ooeo< 
o.oceo< 
o.ooBo; 
0.0030< 

0.00B0< 

0.0080< 

0.0090< 

o.ooBo; 
o.ooeo< 
O.OOSiX 

o.ooao; 
0.0080; 

O.OOBO; 

0 .0080; 

o.;iOEO< 

0.0(-80< 

o.oeeO< 

Barius 
ppa 

O.SO< 

0.56{ 

0.56< 

0.56< 

0.56; 
0.56< 

0.56< 

0.56< 

0.50-; 

0.56{ 

0.56; 

0.56-; 

C.56< 

0.56< 

0.56-; 

0.56-; 

0.56-; 

0.56< 

0.56; 

0.56; 

0.56; 

0.5i( 
0.36; 
0.56; 
0.56< 
0.56-; 
c.5o; 
0.50; 

pH 

B.9 
6.2 
8.3 
8.3 
8.4 
8.1 
8.1 
7.6 
8.7 
8.7 
8.7 
8.6 
6.1 
7.9 
8.4 
7,2 
8.2 
B.4 
7.7 
8.5 
B.3 
8.3 
S.2 
8.2 
B.2 
3.4 
8.7 
9.1 



MARINE SEDIMENT BAMPLES - ASARCO 
SEHl-VOLATiLEE (ACIDS) 

Sta Id Ani Event 

HETH-10 TOT ROUND-1 
METHOD-1 TOT HOUHD-l 
METHOD-7 TOT ROUND-l 

HETHOD-8 TDT ROUND-1 
HETHDD-9 TOT RDUND-1 
HS17-1DP TOT ROUND-1 
HS17-1HS TOT ROUND-1 
«3i-0MSD TOT ROUND-1 
MS7-6HSD TOT RCUND-1 

MS7-7MSD TOT RGUND-1 

MSD-0-1 TCT ROUND-1 

MEO-0-2 TOT RDUND-1 
HSO-C-3 TOT RDUND-1 

M3Q-01-1 TOT ROUHD-1 
MED-02-1 TOT RDUND-1 

HSQ-02-2 TOT ROUND-1 

HEO-02-3 TOT ROUf,D-l 
HBO-03-1 TOT RQUND-1 
HSO-03-2 TCT ROU,*iD-l 
HSO-03-3 TOT RDUKD-1 

MSO-04-0 TOT RCUND-1 

MSD-04-1 TOT ROUND-1 

HSO-04-2 TDT RQUND-1 
H30-04-3 TOT ROUND-1 
HSC-05-0 TOT fiOUND-1 
HSO-05-1 TOT ROUSD-l 
MEO-05-2 TOT F.DUKD-l 
HEO-OS-J TOT RDUMD-1 
«SD-(>6-0 TCT RD-JND-1 
HELI-06-: TDT RGUND-1 

Benzoic 

Acid 

ppb 

1700.00!. 
830.00< 
1700.00< 

170C.00! 
1700.00; 
3400.00! 
3400.00< 
1700.00! 
1700,00( 

1700,00! 

2000,00! 
2000.00! 

2000.00! 

2005.00< 
2000.00< 
3000,00< 

2000,00; 

3000.OON 
20C0.00< 

2000.OON 
30CO,0CN 

2000.00; 

2000.OON 

3000.00; 
2000.00< 
2000.00< 

2000.00< 
2000.00! 

3000.00; 
2000.00; 

2-ChIoro 

phenol 

ppb 

330,00! 

170.00< 
330,00< 

330.CO< 
330,00( 
2500,00 

2500,00 
3120,00 
2000.00 

1600.00 

300.00! 

400,00< 

400.00< 
400.00! 
400.00< 

500.00! 

400.00< 

600.eo< 
400.00< 

4C0.00N 
500.OOH 

400.00! 

400.00Ji 

500.00! 
500.00! 
400.00! 
4C0.0O; 
400.00< 
6CO.O0; 
400.00-; 

2.4-Di 
chloro 

phenol 

ppb 

330.00! 
170.00; 

330.00! 

330.00< 
330.00! 
660.00{ 
660.00! 
330.00! 
330.00< 

330.00< 

300.00< 

400.00! 

400.00-; 
400.00< 
400.00; 

soo.oo; 
400.co; 
600.00:1 
400.00; 

400.OON 
500.00?. 
400.00; 

400,OOH 
500.00< 
500.00! 
400.00; 
400.00; 
400.00! 

600.OG; 
400...'0; 

2,4-Oi 
sethyl 

phenol 

ppb 

330.00-! 

170.00! 

330.00< 

330.00! 
330.00< 
660.00! 
660.00< 
330.00! 

330.00< 

330.00< 

300.00< 

400.00< 

400.00< 
400.00< 
4CO.0O( 

500.00! 

400.00; 

600.OON 
40C.0O! 
400.OON 

500,OON 

400.00! 

400.00:1 
500.00; 

soo.oo; 
400.00; 
400..O0< 
400.u0< 
600.00; 

400.00; 

2,4-Di • 
nitro 

phenol 

ppb 

1700.00! 
, 830.00( 

1700.00! 

1700.00< 

1700.00{ 
3400.00< 
3400.0C< 
1700.PC! 

1700.00< 
1700.00! 

2000.00< 

2000,00! 
2000.00; 

2000.00< 
. 2000.00< 

3000,00! 

2000.00! 

3000,OON 
2000,OO! 
2000,OCN 

3000,00! 
2000.00< 

2000.OON 

3000.00; 
2000.0C< 
2000.00; 
2000.00; 
2000.00; 
3000.00 •; 
2000,00-; 

2rHethvi 

pheiiol 

ppb 

33.0,00-; 

170,00; 

330,00; 
33C,00; 

330,00! 
660,00! 
660,OC! 

330,CO; 
330,00; 

330,00; 

300,(0-; 

400.00; 

400.OG; 
100.00; 
400.00! 

500,00-; 

400,iO< 
600.00< 
400.00; 

400.OON 
500. OOJ; 

400.Ot; 
400.00!l 
500.OC; 
500.00; 

400.00! 
400,00! 

400.00; 
600.00:; 
400.OC: 

4-Kethyl 

phenol 

ppb 

330.00! 
170.00< 

330.0C< 

330.00-; 

330,00! 
660,oo; 
660.00< 
330,00; 

330.00; 

330.00; 

300.00-! 

400.0C< 

400.00; 
400.00< 

400.00; 
570.00 • 

40o,oo-; 
600.00< 
400.00; 
400.OON 

SCO,OOH 

400.00< 

400,OON 
500.00! 
S-OCOO; 
400.00< 

400.00; 
400.00; 

600.00< 
400.00< 

2-Nitrc 

phenol 

ppb 

330.00< 
170.00; 

330.00< 
330.00! 

330.00! 
660.00! 
660.00< 
330.00< 

330.00; 

330.00; 

300.00! 

400.00< 

400.00; 
400.00! 
400.00; 

500.00! 

400.00! 

600.OON 
400.00; 

400.OON 
500.OON 

400.00-; 

400,OON 
500,oo; 

5co,oo; 
400.00< 
400,00-; 
400.00; 
600.0c; 
400.00; 

4-Hilro 
phenol 

ppb 

1700.000 
B30.00< 

1700.00< 

1700.00-! 

17D0.00< 
4500.00 
4700.00 
3120.00 

1800.00 

2900.00 

2000.00s' 

2000.00< 

2000.00< 
2000.00! 
2000.00< 

3000.00; 

2000.00< 
3000.OON 
2000.00< 

2000.OON 
3000.00< 

2000.00< 

2000.OON 
3000. OO;' 
2C00.O00 
2000.00; 
2000.00; 
2000.00; 
3000.00; 
2000.00< 

4-Chlcrc.-

3-iethyl 

phsnoi 

ppb 

330.0C< 
170.00! 

330.00! 
330.00< 

330.00; 
2700.00 
28C0.00 

5640.00 
960,00 

2530,00 

300, ('0< 

400.00! 
400.00< 
400,00! 

400.eo; 

500.00-; 

400.00; 

6C'C.00N 
400.00; 
400.OON 

500.OON 

400.00; 

400.OOH 
500.00! 
500.00< 
400.00; 
400.00; 
400.00< 
600.00; 
400.00; 



MARINE EEDIHEHT SAHPLES 
BEHI-VOLATILES (ACIDS) 

ASARCO 

Sta Id Anl Event 

HSO-06-2 TOT RDUHD-l 
MSO-06-3 TOT RDUHD-1 
H30-06-4 TOT ROUND-1 
HSC-07-1 TDT ROUND-1 
MSO-07-2 TOT ROUND-1 
HSC-07-3 TOT ROUND-1 
HEO-07-4 TOT ROUND-1 
MEO-07-5 TOT ROUND-1 
fiEO-07-6 TOT RCUHD-1 
HEO-07-7 TOT RDUND-1 
HSO-OB-1 TOT ROUND-1 
HSO-Oe-2 TQT RDUND-1 
HSO-OB-3 TOT ROUKD-1 
MEO-OB-4 TOT ROUHD-1 
HEO-09-1 TOT ROUND-1 
HSO-09-2 TOT ROUHD-1 
HSO-09-3 TDT ROUHO-1 
HSO-09-4 TDT ROUHD-1 
HB0-09-5 TQT RDUND-1 
HSO-09-6 TDT ROUHD-1 
MSO-09-7 TOT ROUND-l 
MS0-09-B TOT RCUMC-1 
MSO-10-0 TOT ROUND-1 
HBO-10-1 TQT RDUND-1 
MSO-10-2 TOT RCUND-1 
HSO-10-3 TGT RCUND-l 
HBO-10-4 TOT ROUND-i 
MEO-11-1 TOT ROUND-1 
HSO-Il-2 TOT f.nUND-1 
HSO-ll-I TQT ROJND-1 

benzoic 
Acid 
ppb 

2000.00< 
2000.00< 
2000.00< 
2000.00< 
2000.00< 
2000,00( 
2000.00-; 
2000.00; 
2000.00< 
2000.00< 
2000.00-; 
2000.00< 
2000.00< 
2000,00; 
4000.00< 
2000,00! 
2000,OON 
2000,00< 
2000,00< 
2000,00< 
2000,00< 
2000,00; 
3000.00< 
2000.00! 
2000.OON 
2000.00; 
10000.00< 
2000.00; 
2000.00! 
2000.00! 

2-Chloro 
phenol 

ppb 

400.00! 
400.00< 
400.00; 
300.00; 
400.00; 
400.00< 
400.00! 
400.00< 
400.00< 
400.OOH 
500.00; 
400.00-; 
500.00! 
400.00< 
Boo.oo; 
400.00< 
500.OOH 
500.00< 
400.00! 
400.00; 
400.00! 
400.00! 

sco.oo; 
500.00; 
400.OON 
400.00< 

2000.00< 
400.00; 
400.00! 
400.00; 

2,4-Oi 
chlcro 
phenol 

ppb 

400.00; 
400.00; 
400,00< 
300.00; 
400.00< 
400.00< 
400.00; 
400.00< 
400.00-! 
400.00; 
500,co; 
400.00; 
500.00; 
400,00< 
600.oo; 
400.00; 
500.OOH 
500.00< 
400.00< 
400. ot-! 
400.00; 
400,oo; 
500.00; 
500.00; 
400.C0;l 
400.00; 
2000.00! 
400..;iO< 
400.00; 
400.00; 

2,4-Di 
siethyl 
phenol 

ppb 

400.00< 
400.00; 
400.00< 
300.00; 
400.00; 
400.00< 
400.oo; 
400.00; 
400.00; 
400.00< 
soo.oo; 
400.00! 
500.00< 
400.00; 
800.00; 
400.0D< 
500.OON 
500,00; 
400.00< 
400.00; 
400.00; 
4C0.00; 
500.00; 
500.00< 
400.OON 
400.OC! 

2000.io; 
400.00! 
400.00< 
400.00; 

2,4-Di 
nitro 
phenol 

ppb 

2000.00< 
2000.000 
2000.00! 
2000.coo 
2000.000 
2000.00! 
2000.00; 
2000.00; 
2000.00; 
2000.00; 
2000,00< 
2000.00( 
2000.00; 
2000.00< 
4000.00! 
2000.00; 
2000.000 
2000.CC< 

. 2000.00; 
2000.00; 
2000.00< 
2000.00; 
3000.00; 
2000.00! 
2000.OON 
2000.0C< 
10000.00' 
2000.00! 
2000.00< 
2000.OOv 

2-Methyl 
phenol 

ppb 

400.00! 
400.00; 
400.00; 
300.00; 
400.00< 
400.00; 
400.00; 
400.00; 
40C.00; 
400.OCN 

soo.oo; 
400.00; 
soo.oo; 
400.00; 
800.00< 
400.00-! 
500.OON 
500.00; 
400.00! 
4C0.00! 
400.00; 
400.oe< 
500.00! 
soo.oo; 
400.OCN 
4CO.0O! 
2000.00< 
iOO.OO.' 
4;0.00; 
AOO.00; 

4-Methyl 
phenol 

ppb 

400.00! 
400.00< 
400.00< 
300.00; 
400.00< 
400.00< 
400.00; 
400.00; 
400.00< 
400.OON 
500.00; 
400.eo< 
500.00; 
400.00; 
BOO.OO; 
400.00< 
500.OON 
500.00< 
400.oe; 
400.00! 
400.00! 
400.00; 
soo.oo; 
500,00! 
400,OON 
400,00-; 
2000.00< 
400.00; 
400.00; 
'00. oo; 

2-Nitro 
phenol 

ppb 

400.00-; 
400.00< 
400.00; 
300.00< 
400.00! 
400.00; 
400.00; 
400.00< 
4C0,09< 
400.00! 
500.00< 

. 400.00< 
500.000 
400.00; 
BOO.OO! 
400.00-! 
500.OOH 
500.000 
400.00; 
400.00; 
400.00< 
400.00< 
500.00! 
500.00< 
400.OON 
400.000 

2000.00! 
400.00! 
400.00! 
400.00; 

4-NilrD 
phenol 

ppb 

2000.00< 
2000.00< 
2000.00< 
2000.00< 
2000.00< 
2000.00! 
2000.00; 
2000.00< 
2000.00! 
2000.00; 
2000,000 
2000,000 
2000.00< 
2000,000 
4000.00< 
2000,000 
2000,00< 
2000.00< 
2000.00< 
2000.00! 
2000.00; 
2000.00< 
3000,00! 
20C0.0O< 
2000.OON 
2000.00< 
ioooo.::io< 
2000.00; 
2000.00; 
2000.00; 

4-ChlQrc-
3-aethyl 
phenol 

ppb 

400.00; 
400.(10; 
400.00: 
300.00< 
400.00'! 
400.00! 
400,oo; 
400.00; 
400.00; 
400.00! 
500.00; 
400.00! 
soo.oo: 
400.00; 
800.00! 
400.00; 
500.OON 
500.00; 
400.00; 
400,00; 
400,000 
400.00; 
5?0.00< 
500.00-; 
400.OON 
400.00! 

2000.00-: 
400.00; 
400.00< 
400.00; 



HARINE SEDIMENT EAKFLES - ASARCO 
SEMI-VQLATILEE (ACIDS) 

Sta Id Anl Event 

HBO-11-4 TOT ROUND-1 
HSO-11-5 TDT RQUND-1 

HBO-11-6 TOT ROUND-1 
MSO-11-7 TOT RQUND-1 
MSO-ll-8 TOT ROUND-1 
nED-11-9 TOT ROUND-1 

KSD-12-1 TOT ROUHD-1 
HEC-12-2 TOT RQUHD-1 

HSO-12-3 TOT ROUHD-1 
HSQ-12-4 TOT RCUND-1 

HSO-12-5 TOT ROUHD-l 

H30-13-1 TCT RDUKD-1 
MEO-13-2 TOT RDUHD-1 

HSO-13-3 TOT RDUHD-1 

HSO-13-4 TOT RQUND-1 

KEO-lI-5 TOT RQU;.<C-1 

MBQ-13-6 TOT RQUND-1 
MEO-13-7 TDT RuJND-l 
MSO-13-8 TOT ROUND-l 

MSD-14-1 TOT ROUHD-l 

HBO-14-2 TQT RDUKD-1 

H30-14-3 TOT F:3UND-1 
H30-14-4 TOT ftOUKD-l 
HSO-14-5 TCT RCUND-1 
MSG-15-2 TDT RDl!;<D-l 
HEO-15-3 TCT RDliND-l 
HEa-15-4 TOT RDUND-1 
HSO-15-5 TOT RClND-i 
MSD-16-1 TOT RCUNS-l 
.HEO-16-2 TOT RQUIiD-1 
MEQ-li-3 TOT RCUND-1 

HSC-lt-4 TOT ROUND-1 

Benzoic 
Acid 
ppb 

2000.00! 

2030.00< 
2000.00< 
2000.00! 
2000.00< 
2000.00! 

3.000.00< 

2000.OOO 

2000.00! 
2000.00< 
2000.00< 

20CO,00< 

2000,00{ 
2000,00; 

2000.00; 

2000.00; 

2000.00! 
20bOM< 
2000.00! 

3000.00! 
2000.00; 

2000.00! 
2000.00; 
2000.00; 

2000.00< 
2000.00< 
2000.00; 
2000.00-: 
2:)oo.c.o; 
2000.00; 
2000.00! 
2000.00; 

2-Chloro 
phenol 

ppb 

500.00< 
400.00! 

500.00! 
400.OOO 
400.00< 
400.00< 

500.00< 

400.00< 

500.00< 

400.00! 
400.00< 

400.00! 

400.00! 

400.00< 

400.00< 

400.00< 

400.00! 
400.000 
400.00; 

500.00; 

400.00< 

SCO,OCN 
400.00; 
500.00; 
4Co,oo; 
400,oc; 

400,00! 
400.00; 

• soo.oo; 
400,00! 
400.00; 
400.00; 

2,4-Di 

chloro 
phenol 

ppb 

500.00< 
400.00! 

500.000 
400.00; 

400,00! 
400,00! 
500.00< 

400.000 
500.00< 

400.00; 

400.000 

400.0C< 

400.00! 
400.00; 

400.00! 

400.00; 
4C0.00! 
400.00; 
400.COO 

soo.oo; 
400.00! 

500.ooo 
400.00; 
500,00; 
400.00; 

400.00; 
400.00; 
400.00! 
500.̂ -̂ 0; 
400.00; 
400.00; 

400.C0< 

2,4-Di 

nethyl 
phenol 

ppb 

500.00! 

400.OOO 

5-00.00< 
400.00; 

400.OOO 
400.00< 
500. OOO 
400.00< 

500.000 

400.00! 
400.000 

400.00! 
400.oa< 
400.000 

400.00< 

400.00< 
400.000 

400.-0C< 
400.000 

soo.oo; 
400.00; 

500.00! 
400.00; 
500.00; 
400,00; 

400.00; 
400.oo; 
400.00\ 
500.00; 
400.00; 
400.000 

400.00! 

2,4-Di 
nitro 

.phenol 
ppb 

2000.OOO 
2000.000 

2000.000 
2000.00! 
2000.00! 
2000.00! 

3000.00< 
2000.0C< 

2000.000 

2000.00< 

2000.00! 

2000.000 
2000.00< 

2000.00; 
2000.00; 

2000.00; 

2000.00; 
2000.00; 
2000.00; 

3000.00; 

2000.OOO 
2000.00; 
2000.00; 
2000.00; 
2000.00\ 
2000.000 

2000.00; 
2000.00; 
I'OOO.OO! 
2000.0c; 

2000.00; 
2000.00; 

2-Hethyl 
phenol 

ppb 

500.000 

400.OOO 
500.jc; 
400.00! 
400.00; 
400.00; 

500,00; 
.400.00; 

500,00! 

400,00-; 

400,OOO 
400.oc; 
400.00; 

400.00! 

400.00; 

400.00! 

400.00; 
400.00< 
400.00! 

500.00! 

400,00; 
500.OON 
400.00; 
^00.00; 
400,00! 

400,00. 
ACO.;iO: 
400.00; 
500.00'; 
400-co; 
^00.00: 

400. ;iO; 

4-Methyl 
phenol 

ppb 

500.00; 

400.00; 

500.OOO 
400.00; 
400.00< 
400.00! 
500.00-: 

400.00< 

soo.oo; 
400.0C! 

400.00; 

400.000 
400.0c; 

400.00! 

400.00; 

400.00; 

400.00! 
400.OOO 
400.00; 

500.00! 

400.00< 
500.00?; 
400.00; 
500.00; 
400.00; 
400. ;iO! 

400.00: 
400.00. 
500.00.; 
400.00; 
400.00: 
400.00-

2-Hitro 
phenol 

ppb 

500.00; 

400.000 
500.00; 
400.00; 
400.00; 
400.000 

500.000 
400.OOO 

500.OOO 

400.00! 
400.00! 

400.00; 

400.00; 

400,000 

400,00< 

400,00; 

400,00; 
400.00-! 
400.00< 
SCO.OOO 

400.00; 
500.00; 
400.00; 
500.00; 

400.00-; 
400.00; 
400.00; 
400.00; 
5;;:0.oo; 
400.0c; 
400. ;iO; 
iOo.oo; 

4-Nitro 

phenol 
ppb 

2000.00( 

2000.OOO 

2000.000 
2000.000 
2000.OOO 
2000.000 

3000.OOO 
2000.000 

2OOO.OO0 
2000.000 

20C0.00! 

2000.OOO 

2000.000 

2000.00; 
2000.000 

2000.00! 

2000.00< 
2000.00; 
2000.0C< 
3C00.C0< 

2000.OOO 
2000.000 
2OCO.OO; 
2000.000 
2000.0c; 

2000.00! 
2000.00; 
2000.00! 
2000.00; 
20'00.oo; 
2000.00; 
2000.00; 

4-Chloro-

3-«ethyl 
phenol 

ppb 

soo.oo; 
400.0C< 

500,000 
400,00! 
400,00! 
400,COO 

500,00-; 
400.OOO 

500.00; 

400.00; 

400.00; 

400,00; 
400,00< 

400.0C< 
400.00; 

400.00; 
400.00! 
400.00; 
400.00! 
500.00; 

400.00< 
500.00; 
400.00; 
500.00; 
400.00; 
400.00; 

400.00; 
400.00! 
500.00; 
4C0.00; 
400.0:; 
400.00; 

l-.i< 



MARINE SEOIMINT SAMPLES - ftSflRCD 
SEHI-VDLATILES (ACIDS) 

Sta Id Anl Event 

MSO-17-1 TQT ROUND-l 

HEQ-17-2 TOT ROUND-1 

MSQ-17-3 TCT ROUND-1 

I^BO-17-4 TOT RQUND-1 

HSD-18-1 TOT ROUND-1 

MSD-lB-2 TOT RGUND-1 

MEO-16-3 TOT ROUND-1 

H3Q-19-1 TOT R3UND-1 

MBO-19-2 TOT ROUNC-1 

HSO-20-1 TQT ROUND-1 

HEO-20-2 TDT RCUND-l 

MSO-21-1 TOT RDUHD-1 

HBD-21-2 TQT RO'UND-1 

HBO-21-3 TDT ROUND-1 

HSO-22-1 TQT ROUHD-1 

liSD-22-2 TOT ROUND-1 

HSO-22-3 TOT ROUSO-1 

HS06-0HS TOT ROUND-1 

HE07-6ME TGT ROUND-1 

MBQ7-7MS TDT ROUND-l 

REP-1 TCT RDUND-1 

REP-2 TOT ROUND-1 

REP-3 TOT RCUND-1 

REP-4 TQT ROUND-1 

Benzoic 

Acid 

ppb 

4000.00< 

2000.OOO 

2000.000 

2000.000 

4000.00; 

2000.000 

2000.OOO 

3000.00< 

2000.00! 

2000.000 

. 2000.00< 

3000.00 ; 

3000.000 

3000.00< 

3000.000 

5000.OOO 

3000.000 

1700.000 

170O.OO0 

1700.00! 

1800.000 

2000.OOO 

2000.000 

2000.000 

2 -Ch lc ro 

phenol 

ppb 

800.000 

500.OOO 

400 .00 ; 

500 .00 ; 

BOO.OO; 

500.000 

400.00< 

600.000 

500 .00 ; 

500 .00 ; 

500 .00 ; 

soo.oo; 
600 .00 ; 

600 .00 ; 

soo.oo; 
1000.000 

500.00< 

2800.00 

2880,00 

2560,00 

400,000 

400,000 

5OC.00; 

400.00; 

2.4-Di 

ch loro 

phenol 

ppb 

600.00! 

soo.oo; 
400.oc; 
soo.oo; 
BOO.OO; 

500.000 

400 .00 ; 

6 0 0 . 0 0 ; 

soo.oo; 
soo.oo; 
soo.oo; 
500 .00 ; 

600.oc; 
600.oo< 
500.0C< 

1000.oo; 
soo.oo; 
3!.o.eo; 
330.00! 
330.00! 
400.00; 
400.00; 
500.00; 
400.00-! 

2,4-Di 
Bethy l 

phenol 

ppa 

800.000 

500.000 

400.OOO 

500.000 

600 .00 ; 

soo.oo; 
400.00! 

600.000 

soo.oo; 
sco.oo; 
500,00! 

500,000 

600.00< 

600.00! 

500.00! 

1000. OOO 

500.00; 

330.00; 

330. OC! 

330.00! 

400.00; 

400.000 

500.00; 

400.00< 

2,4-Di 

f i i t ro 

phenol 

ppb 

9000.000 

2000.OOO 

2000.00; 

200(1.00< 

4000.00! 

2000.OOO 

2000.000 

3000.000 

2000.000 

2000.000 

2000.000 

3000.000 

3000.000 

3000.000 

3000.00; 

5000.000 

3000.00! 

1700.000 

1700.00; 

1700.OOO 

1800.000 

2000.00; 

2000,OJ< 

2000.OOO 

2-Methyi 

pheiioi 

ppb 

800.00; 

sco.oc; 
4 0 0 . 0 0 ; 

500 .00 ; 

6 0 0 . 0 0 ; 

sce.oc; 
400.00! 

400.00; 

500.00; 

500.00; 

500.00! 

500.0!;0 

600.00; 

600.000 

500.00; 

1000.00; 

500.00! 

330.OOO 

330.oeo 
330.00-; 

400.oe< 
400 .00 ; 

500 ,00 ; 

400.OC! 

4 -Ks thy l 

phenyl 

ppb 

BOO.OO; 

500.00< 

400.00! 

500.OOO 

800.00! 

500.000 

400.00< 

600.00; 

soo.oo; 
500.00! 

soo.oo; 
5 0 0 . 0 0 ; 

600 ,00 ; 

600.0CO 

500.000 

lOCO.OO; 

500.OOO 

330. oc; 
330 .00 ; 

330 .00 ; 

400.oc; 
400.00 ; 

500.0C< 

400.000 

2 - N i t r o 

phenol 

ppb 

BOO.OO; 

500.00! 

400.00; 

500.OOO 

300.00; 

500,00; 

400.00; 

600.000 

500.00; 

500.00< 

500.00; 

500.OOO 

600.00; 

600.00; 

500.000 

1000.00; 

500.000 

330.00! 

330.000 

330.000 

400.000 

400.000 

500. oo<; 
400. OCC 

4 - K i t r o 

phenol 

ppb 

9000.00! 

2000.OOO 

2000.OOO 

2000.00! 

4000.000 

2000.OOO 

2000.OOO 

3000.00< 

2000.000 

2000.OOO 

2000.000 

3000.000 

3000.000 

3000.00! 

3000.00; 

5000.OOO 

3000.OOO 

2260.00 

2250.00 

1660.00 

1800.000 

20CO.OOO 

2000.000 

2000.00< 

4-Chloro-

3- i i£thyl 

phenol 

ppb 

GOO.OCO 

500.00< 

400 .00 ! 

500.00! 

BOO.OO; 

500.00; 

400.00! 

600.00; 

500.OOO 

500.00; 

500.000 

500.000 

600.00; 

600.00! 

500.00! 

1000.000 

500.00! 

2640.00 

3110.00 

2390.00 

400.000 

400.00; 

500.000 

400.00; 



KARINE SEDIhEI^T SAMPLES 
S E M I - V Q L H T I L E S IALIDS) 

Eta Id Anl E'̂ ent 

AEARCQ 

Penta 

ch loro 

phenol 

ppb 

1700.00! 

830.00! 

1700.00; 

1700.00< 

1700.00! 

3100.00 

3200.00 

3320.00 

2100.00 

2960.00 

2000.OOO 

2000.OOO 

2000.000 

2000.0C< 

2000.00; 

3000.00! 

2000.OON 

3000.00! 

2000.OON 

2000.OON 

3000.OON 

2000.00; 

2000.OON 

3000.00-; 

2000.00; 

2000,00; 

2000.00! 

2000.00; 

3000.00; 

20t0.00; 

2000.00; 

Phenol 

ppb 

330.000 

170.00< 

33O.OO0 

330.00< 

330.000 

2600.00 

2700.00 

3120.00 

2060.00 

1860.00 

300.000 

560.00 

1080.00 

400.OOO 

400.00; 

900.00 

4C0.00< 

600.oo; 
400.00! 

4C0.00N 

500.CON 

400.000 

400.OON 

500,00; 

500.000 

400.00; 

4C0.00; 

400.00; 

iCO.OO! 

400.00; 

400.00; 

2 ,4 ,5 -Tr i 

chloro 

phenol 

ppb 

1700.00! 

830.000 

1700.OOH 

1700.00< 

1700.000 

3400.000 

3400.000 

1700.00! 

1700.00< 

1700.OCN 

2000.000 

2000.00; 

2000.00< 

2000.00; 

2000.00; 

3000,00; 

2000,00; 

30oo.e&fi 
2000.000 

2000.OCN 

3000.00; 

2000.00; 

2000.OCN 

3000.oc; 

20CO.OO; 

2000.00; 

20CO.OO; 

2000.00; 

3000,O;K 

2000.00; 

2000.00; 

2 ,4 ,6 -T r i 

ch loro 

phenol 

ppb 

330.00! 

170.000 

330.000 

330.00! 

330.00! 

660.00! 

£60.OOO 

330.OOO 

330.000 

330.000 

3i i0.00! 

400.OOO 

4CO.00; 

400.00; 

400.00; 

soo.oo; 
400.00! 

600.OON 

400.00! 

400.OCN 

5C0.(.0! 

400.00; 

400,OCN 

500,oo; 
500 .00 ; 

4co,oc; 
400 .00 ! 

4O0.OC; 

t o o . 0 0 ! 

400 .00 ; 

400 ,00 ; 

B ipheny l s 

ppb 

330.OON 

170.OOH 

330.OCN 

330.OON 

330.OCN 

660.OON 

660.OON 

330.OOH 

330.OCN 

330.OON 

300.OON 

400.OON 

400.OON 

4G0.0CN 

400.OON 

500.OON 

400.OON 

600.OOK 

400.OON 

400.OCN 

500.0G,^ 

400.OOH 

500.OOH 

SOO.O&li 

SGO.OOfi 

400.cei i 

400.OCN 

m.'M 
tOO.;!OM 

4!0.OC:^ 

400.OON 

Dibenzo 

thiophene 

ppb 

330.0t:< 

170.OOH 

330.OCN 

330.OOH 

330.OON 

660.OOH 

660.CC;i 

330.OON 

330.CON 

330.0()N 

300.OON 

400.OON 

400.OON 

400.OON 

4C0.O0N 

500.OON 

400.00;l 

600.OCN 

400.OON 

400.OON 

5CO.0;N 

400.00:^ 

500.0';-;l 

sec.CON 

500.;on 

400.OOM 

400,00\ 

400.0!;; 

ito.o:';; 
4:'0.00r; 

400.00^: 

Disethyi 

an i l i ne 

ppb 

370.CON 

170.OON 

330.00); 

33C,O0N 

330.OON 

660.0-ON 

660.0CN 

330.OON 

330.OCH 

330.OON 

300.CON 

4CC.00N 

400.OOH 

400.OCN 

400.CON 

500.OCH 

400,OOH 

600.OCH 

400.OCH 

400.OCN 

SCO.OON 

400.OON 

500.OON 

SOCOit l 

500.OOK 

400. OOf; 

4 0 ; ; . 0 J N 

40.;i.oo;j 

oOO.OOfi 

4.)O.D0ii 

soo.oo;, 

Methyl 

phenan 

t h r e n e s 

ppb 

330.OCN 

170.0CN 

330.OON 

330.OON 

330.OON 

660.OCN 

660.OON 

330.OCN 

330.OON 

330.OCN 

300.OON 

400.CON 

400.OON 

400.OON 

400.OON 

SOO.COli 

400.0C?J 

600.OON 

400.OON 

400.OCH 

500.OON 

4CO.O'0H 

500,OOH 

CiOO.OON 

500,OON 

400.OON 

^00.OCN 

400,00?; 

iCO.OG/) 

m.'M 
400.:}OH 

1 s e t h y l 

( 2 - i i e t h y l 

e thy lbenz 

ppb 

330.OCN 

170.CON 

330.OON 

330,OON 

330.0CN 

660.OON 

660.OON 

330.OON 

3J0.0CH 

330.OON 

300.0011 

4CO.O0H 

400.OON 

400.OON 

4CO.eOH 

500.OON 

400.OCN 

600.OON 

4C0.C0N 

400.OCN 

SOO.OOil 

400.OCN 

500.CON 

S J O . O C N 

500,00fi 

400.OON 

40;:i,:iO?i 

400,OCN 

600,OCH 

4C0.OCH 

4;'0,0CN 

HETH-10 TOT ROUND-1 
HETHDD-1 TDT RDUHD-l 
HETHQD-7 TQT RCUND-1 
HETHDD-8 TOT ROUND-1 
HETHQD-9 TQT ROUKD-1 
HS17-1DP T3T RQUND-1 
MS17-1MS TOT ROUND-1 
HS6-0HSD TDT RDUND-1 
ME7-6rtSD TOT ROUKD-1 
MS7-7K3D TOT ROUND-1 
HSO-0-1 TOT ROUND-l 
MEO-C-2 TOT ROUND-I 
HE:Q-0-3 TDT RCUND-1 
MSC-Ol-i TOT ROUND-1 
MSO-02-1 TQT RGUHD-1 
MEC-02-2 TOI ROUND-1 
MSQ-02-3 TDT RCUI-iD-l 
HSO-03'1 TGT ROUND-1 
MS3-C3-2 TOT RjUND-l 
MEG-03-3 TCT ROUND-l 
MSQ-04-0 TCT RCUND-1 
H3Q-04-1 TOT RQJHD-1 
KED-04-2 TCI ROUKD-l 
NSD-04'J TOT ROCKD-l 
MEC-C5-G TOT ROUf.D-l 
fiS3-0S'i TGT RG'Ji'ID-1 
r:SQ-G5-2 TOT fiuLiND-l 
f1S0-05-3 TDT K[iUHi-l 
MED-C6'0 TDT RCDND-l 
MEO-06'1 TQT F,D0HC-1 
MEC-06'2 TOT RQUHD-l 



HA.RINE EEDDiENT SAHPLES 
SEHI-VOLATILES !ACID3) 

Eta Id Anl Even'. 

fiSO-06-3 TOT RDUND-1 
HSO-06-4 TOT ROUND-1 
MSD-07-1 TOT ROUND-1 
MSO-07-2 TOT RDUND-1 
HBQ-07-3 TOT RDUND-1 
i1S0-07-4 TOT ROUND-1 
HSO-07-5 TOT R3UND-1 
HSO-07-6 TOT ROUND-1 
HEO-07-7 TOT ROUND-1 
HSO-06-1 TOT ROUND-1 
HSO-CB-2 TOT ROUND-1 
HSD-OB-3 TDT ROUND-l 
MSD-06-4 TOT ROUND-1 
HEO-09-1 TOT ROUND-1 
HSO-09-2 TOT RDUNC-1 
HSO-09-3 TOT RDUND-1 
HSO-09-4 TOT RDUND-l 

HEO-09-5 TOT ROUND-1 
HSO-09-6 TOT RDUKD-1 
MBO-09-7 TQT RDUND-1 
MS0-09-B TOT RCUND-1 
HEO-IO-C TOT RQy\D-l 
HSQ-10-1 TQT ROUHD-1 
MEO-10-2 TOT ROUND-1 
HSD-10-3 TGT FOUND-1 
HSO-10-4 TDT RDUNC-1 
MEQ-11-1 TDT RCUND-1 
H B J - 1 1 - 2 TGT RDUND-1 

MEO-11-3 TOT ROUHD-l 
HSD-11-4 TDT ROUND-1 

MED-11-5 TOT ROUND-1 

I1E0-11-6 TDT ROUNC-1 

- ASARCO 

Penta 
chloro 
phenol 

ppb 

2000.00< 
2000.OOO 
2000.000 
2000.OOO 
2000.00! 
2000.000 
2000.00! 
2000.000 
2000.00; 
2000.000 
2000.000 
2000.OOO 
2000.000 

4000.000 
2000.00; 
2000.00; 
2000.000 
2000.000 

2000.OOO 
2000.oeo 
2000.00; 
3000.000 
200C.OOO 
2000.OOH 
2000.000 
10000.000 
2000.00; 
2000.00; 
2000.0C-! 
2000,00; 
2000.coo 

2000.000 

Phenol 
ppb 

400.00< 

400.OOO 
300.000 
400.00! 
400.00< 
400.000 

400.00! 
400.000 
400.OCN 
500.000 
400.000 
500.000 

4000.00< 
800.00; 

400.000 
500.OON 
500.OOO 

400.OOO 
400.OOO 
400.00; 
400.00; 
500.OOO 
SCO.OO! 
400.OOH 

400.00; 
2000.00-; 
400.00; 
400.00; 
400.00! 
500.00; 

4000.00; 

500.00< 

2,4,5-Tri 
chloro 
phenol 

ppb 

2000.00; 
2000.00; 
2000.000 
2000.00; 
2000.0C< 
2000.00; 
2000.00! 
2000.000 
2000.OON 
2000.0C< 
2000.000 
2000.eo< 
2C00.0C; 
4000.C0< 
2000.00< 
2000.OCN 
2000.OCN 
2000.OON 
2000.00; 
2000.0C< 
2000.00; 
3000.00; 
2000.00; 

icm.m 
2000.00; 
IOOOO.OOO 
20CO.eO; 
2000.00; 
2000.00:; 
2000.00^ 
2000.OON 

2000.00! 

2,4,6-Tri 
chloro 
phenol 

ppb 

400.00; 
400.00; 
300.00; 
400.000 
400.00; 
400.00( 
400.000 
400.00! 
400.00; 
500.00< 
400.00! 
500.00! 
400.00! 
800.000 
400.00; 

soo.eo! 
soo.oo; 
400.00; 

400.00; 
400.000 
400.C0< 
500.00; 
500.00! 
400.OOH 
ijo.co; 

2000.00; 
400.00; 
4;yo.oo; 
400.00; 

soo.eo; 
4co.oe; 
500.G0< 

Biphenyls 
ppb 

400.OON 
400.OON 
300.COH 
400.OON 
400.OON 
400.OON 
400.COH 
400.00H 

400.OCN 
500.OON 
400.OON 
500.OCN 
400.OON 
BOO.OON 
400.OON 
500.OON 
500.OON 
400. OON 

400.OON 
400.OON 
400.OON 
500.OON 
SOO.OOfi 
4'00.oc;i 
400.OON 

2000.OON 
400.00fi 
400.OON 
400.CON 
500.OCH 

400.OCN. 

500.OON 

Dibenzo 
thiophene 

ppb 

400.CON 
400.OOH 
300.-OOK 
400.OCN 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
SCO.OCN 
400.OOK 
500.OCN 
400.OON 
BOO.OCN 
400.OON 
500.OCH 
500.OOH 
400.OCH 

400.OON 

4oe.oc;i 
400.CON 
500.OCH 
500.OON 
400.OCN 
400.OCN 

20CO.OOvi 

400.00?, 
4C0.00ii 
400.00:-i 

soo.oo;^ 
400,OOH 
500,OON 

Diaethyl 
analine 

ppi) 

400,OCN 
400.OCH 
300.OCN 
4C0.0GN 
400.OON 
400.OON 
40C.00N 
400.OCN 
400.OON 
500.CON 
400.OON 
500.OON 
400.OCN 
800.OON 
400.OON 

500.OON 
SCO.OOH 

400.OON 
400.CON 
4-00. OCN 
400.OON 
500.00;-i 
500.OON 

400.OON 
4OC.OG;N 

2000,00?; 
400. ocf; 
400.OCN 
400.OON 
500.OCN 
400,OON 

500.OOH 

Helhyl 
phenan 
threnes 

ppb 

400.OON 
400.OON 
300.OON 
4C0.00N 
400.OON 
400.CON 
4C0.00N 
400.OCN 
400.OON 
500.00?! 
400.OON 
500.OCN 
400.!)0N 
BOO.OON 
400.OON 
500.OON , 
500.OON 
400.00^1 
400.OON 
400.OON 
400,OCN 
500.OON 
50G.OO;< 
400.00fl 
400.OON 

2C0O.OCrl 
400.OCN 
400.OCN 
400.OON 
50O.:JOH 

4(0. CON' 

500.OON 

1 ffiethyl 
(2-flethyl 
ethylbenz 

ppb 

400.COM 
400.OON 
300.OON 
400.OOH 
400.OON 
400.OON 
400.OOH 

400.OCN 
400.OOH 
500,OON 
400,OON 
500,OOK 
400,COH 
800.OON 
400.OON 
500.OCH 
SCO.OON 
400.OOH 
400.OCN 

400.OON 
400.CON 
500.OON 
500.OCN 
400.OON 
400.OON 

2000.OON 
400.OCN 
400.ODN 
400.COH 
500.OCN 

400.OON 

500.OON 

http://400.COM


HARINE SEDIHENT SAMPLES 
SEHl-VOLATiLEE (ACIDS) 

Eta Id Anl Event 

HSO-11-7 TOT ROUHD-1 
HBO-I1-8 TQT ROUND-1 
HSO-11-9 TOT ROUHD-1 
MSO-12-1 TOT ROUND-1 
MSO-12-2 TOT ROUND-1 
MED-12-3 TQT RCUHD-1 
MSO-12-4 TOT ROUND-1 
HEO-12-5 TDT RQUND-1 
HBO-13-1 TCT ROUND-1 
MSO-13-2 TOT ROUND-1 
HED-13-3 TOT ROUND-1 
MSO-13-4 TCT RCUND-l 
HB0-13-S TOT RDUND-1 
HSO-13-6 TOT RQUND-1 
MEO-13-7 TQT RDUND-1 
ME0-13-B.TQT ROUND-1 
MSD-14-) TDT RDUKD-1 
MSO-14-2 TQT RDUND-1 
MSO-14-3 TOT ROUND-1 
MSO-14-4 TOT RCUND-1 
HSO-14-5 TOT RC'JHD-1 
MSD-15-2 TOT ROUND-1 
MED-15-3 TDT ROUND-1 
HSO-15-4 TOT RDUND-1-
!lBD-i5-5 TDT ROUND-1 
r;BQ-16-1, TOT F,GUKD-1 
MSD-16-2 TGT R Q U H M 
HEO-lt-3 TGT RCUND-1 
HSG-lt-4 TDT ROLli»L-l 
HSG-17-1 TOT RuUND-1 
MEG-17-2 TDT RCUNC-l 
HS3-17-J TOT R0J:1D-1 

- ASARCO 

Penta 
chloro 
phenol 

ppb 

2000.OOO 
2000.000 
2000.OOO 
3000.000 
2000.00! 
2000.000 
2000.OOO 
2000.0C< 
2000.000 
2000.000 
2OOO.OO0 
2000.000 
2000.00! 
2000.00< 
2000.00-; 
2000.00< 
3000.OOO 
2000.00; 
2000.oeo 
2000.00! 
2000.000 
20D0.00! 
2000.00< 
2000.000 
2000.00! 
2000.000 
2000.OOO 
2000,000 
2000,oo; 
9000.&0< 
2000.00; 
2000.00! 

Phenol 
ppb 

400.000 
400.000 
400.OOO 
500.OOO 
400.00-! 
500.OOO 
400.000 
400.00! 
400.000 
400.00< 
400.OOO 
400.00< 
400.000 
400.00; 
400.00; 
400.00; 
500.00< 
400.00! 
500.OON 
400.000 
500.000 
400.00; 
400.00! 
400,00; 
400,00! 

sco.oo; 
400.00; 
400.co; 
400.00; 

8005.oo; 
500.00; 
400.000 

2,4,5-Tri 
chloro 
phenol 

ppb 

2000.00; 
2000.00; 
2000.00! 
3000.00< 
2000.00! 
2000.000 
2000.000 
2000.00; 
2000.00! 
2000.00; 
2000.000 
2000.C0< 
2000.00; 
2000.00; 
2000.OON 
2000.OON 
3000.00; 
2000.00; 

:oco.co< 
20CO.OC; 
2000.00; 
2000.00; 
2000.00; 
2000.00; 
2000.00! 
2000.co; 
2000.00; 
2000.00; 
2000.oo; 
4000,00! 
2000.00; 
2oe.j.oo; 

2,4,6-Tri 
chloro 
phenol 

ppb 

400.00! 
400.000 
400.000 

soo.oo; 
400.000 
500.000 
400.000 
400.00! 
400.00; 
400.000 
400.00< 
400.00! 
400.0C< 
400.00! 
400.OD; 
400.000 
500.00; 
400.00! 
500.000 
400.00! 

soo.oo; 
400,C0< 
400,oe; 
400,00; 
400,00; 
500.00; 
-.00.00; 
4DO,oo; 
400.00; 
fiOG.oc; 
500,00; 
400.00; 

Biphenyls 
ppb 

400.00JI 
400.OOH 
400.00;^l 
500.OON 
400.OON 
500.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OCN 
400.00H 
400.OON 
400.OOH 
400.OON 
4C0.00N 
500,OON 
400.OON 
500.OON 
400.OON 
500.OCN 
400.DON 
400.OON 
400.OON 
400.OON 
500.OCN 
400.OCN 
400,OOH 
400,OCN 
300,OCii 
500,OCN 
400.OCN 

Dibenzo 
thiophene 

ppb 

400,OON 
40C,o0rl 
400,OON 

. 500,OCN 
400,OCH 
500,OON 
400.OON 
400.OON 
400.OON 
4C0.C0'1 
400.OON 
400,OON 
400.OOK 
4C0,0CH 
400,OOM 
400.OCN 
5CC.00N 
4eO.O0N 
500.OON 
400.OCH 
500.OCN 
400.OOH 
400.:iON 
400,00(1 
400.OON 
500.00,\ 
400,00fi 
40C.0:;N 

400.00^1 
Eoo.;;Ofi 
500.0C;I 
4C0,Cir: 

Diaethyl 
analine 

ppb 

400.0011 
400,COH 
4C0.00N 
500.OON 
400.OON 
500.OON 
400.OCN 
400.COH 
400.OON 
400.OOH 
400.00,^ 
400.00;^ 
400.0CH 
400.OOH 
400.COH 
400.OON 
5C0.O0N 
400.OON 
SCO.OON 
400.OON 
500.OON 
400.OCH 
400.OCN 
400.OOH 
400.0C?i 
500.OCN 
400.OON 
4C0.CCi'i 
400.OCH 
BOO.OCfi 
300. :;iO:̂  
400.CON 

Hethyl 
phenan 
threnes 

ppb 

400.0011 
400.OON 
400.OON 
500.OON 
4C0.O0N 
500.OON 
400.001) 
400.OON 
400.OON 
400.OON 
400.OON 
400.CON 
400.OON 
4C0.00.'I 
400.OCN 
400.OON 
500.OON 
400.CON 
500.CON 
400.CON 
500,OCN 
400,OCH 
400.CON 
400.CON 
400.0C>i 
300,OCN 
4C0.OOf; 
400.OON 
400.OON 
aco.ooN 
500.OCH 
400.OCN 

I aethyl 
12-Bethyl 
ethylbenz 

ppb 

400,OON 
400.OOH 
400.OCN 
500.OCN 
400.OCN 
500.OON 
400.OON 
400.CON 
40:). CON 
400.OON 
400.OON 
400.OOH 
400.OON 
400.OON 
400.OON 
400.OON 
500.00N 
400.OON 
500.OON 
400.OCN 
500.OON 
400.OON 
400.OOH 
4t0.00N 
400.OON 
500.OCN 
400.OCN 
400.OCN 
400.OCN 
BOO.OON 
500,OCI-i 
400.OOH 



MARINE SEDIMENT SAHPLES 
BEHI-VOLATILES (ACIDS) 

Sta id Anl Event 

MSQ-17-4 TOT RQUND-1 
f.SO-lB-l TCT ROUHD-1 
I1SQ-16-2 TOT RDUND-1 
HSO-18-3 TOT ROLND-1 
HSO-19-1 TOT RDUHD-1 
KEO-19-2 TDT RGUND-l 
HE0-20-1 TCT ROUHO-1 
HE0-2C-2 TDT RQUND-1 
HSO-21-1 TOT RDUHD-1 
MSa-21-2 TOT RGUND-1 
HED-21-3 TOT ROUND-1 
HBD-22-1 TOT ROUND-1 
KSO-22-2 TOT ROUHD-1 
M3D-22-3 TDT ROlND-1 
M306-0MS TOT ROUND-1 
KSD7-6HS TDT RCUND-1 
HSC7-7HS TOT RQUND-1 
REP-1 TGT ROUND-1 
REP-2 TOT ROUND-I 
REP-3 TOT R3UHD-1 
REP-4 TOT RG:JND-1 

- ASARCC 

Penta 
chloro 
phenol 

ppb 

2000.00< 
4000.00; 
2000.000 
2000.000 
3000.000 
2000.00< 
2000.000 
2000.000 
3000.OOO 
3000.00; 
3000.OOO 
3000.00< ̂  
5000.OOO 
3000.00< 
3940.00 
29B0.00 
1920.00 
1800.000 
2000.00! 
2000.000 
2000.00< 

Phenol 
ppb 

5C0.OO{ 
8000.00! 
500.00; 
4CO.OO0 
600.00-! 

soo.oo; 
500.OOO 
500.00; 
500.OOO 
aOO.OOO 
600.00! 
500.00! 
1000.OOO 
500.00; 
2B2O.C0 
1790.00 
2490.00 
400.OOO 
400.00; 
500.OOO 
400.oo; 

2.4,5-Tri 
chloro 
phenol 

ppb 

20CO.OO; 
4000.000 
2000,00! 
2000,OOO 
3000,00! 
2000.00; 
2000,oc; 
2000,00; 
3000.00; 
30CO.OCO 
300C.OOO 
3000.000 
5000.00; 
3000.00! 
1700.00! 
17CO.OO0 
1700.00?. 
1800.oo; 
20CO.O0; 
2000.00< 
2000.00; 

2,4,i-Tri 
chloro 
phenol 

ppb 

SCO.OOO 
8C0.00! 
500.0C< 
4G0.00< 
600.00! 
SCO.OOO 
500.000 
500.OOO 
500.00! 
600.000 
600.00; 
5C0.00< 
ICOO.OC! 
500.000 
330.00; 
330.COO 
330.00! 
400.00; 
400.00! 
500.OOO 
400.00; 

Biphenyls 
ppb 

500.OON 
800.OON 
500.OOH 
400.OCN 
600,OON 
500,OOH 
500.OON 
500.OCN 
500.OON 
600.OON 
600.OON 
500.OON 
1000.OON 
500.OON 
330.C0;J 
330.CON 
330.COM 
400.oc; 
400.OON 
500.00;^ 
400.OON 

Ditenzc 
thiophene 

ppb 

500. O N 
800.OON 
500.OCN 
400,OON 
6(0.OOH 
500.CON 
500.OCN 
500.OCN 
500.OON 
600.OON 
600.00fl 
500.OOH 
1000.OCN 
SCO.OON 
330.OOH 
330.COH 
33.0. OOi 
400.00; 
400.0'ON 
500.OOH 
400.OCN 

Diofthyl 
analine 

ppb 

500.OON 
BOO.COH 
500.OOH 
400.OCN 
600,OON 
500,OOH 
500.00.1 
500.OON 
SCO.OCN 
600.00(1 
AOO.OON 
SCO.CON 
1000.OCN 
500.00!. 
330,OON 
330,OCH 
330,OON 
400,00< 
400,OON 
500,OOK 
400,;10H 

Methyl 
phenan 
threnes 

ppb 

1 
500.OCH 
600.OON 
SCO.CON 
400.OCN 
600.OON 
500.OCN 
500.OON 
500.OON 
500.OON 
600.OOH 
600.OON 
500.OON 
1000.OON 
500.CON 
330.OON 
330.OCN 
330.OON 
400.00! 
4C0.00K 
SCO.OON 
400.OON 

1 aethyl 
(2-Bethyl 
ethylbenz 

,' P?l> 

500.OON 
6.00. CON 
SCO.CON 
400.OON 
600.OCN 
500.OON 
500.OON 
SCO.OOH 
500.CON 
600.CON 
600.CON 
500.OON 
lOCO.OCM 
500.CON 
330.OON 
330.OCN 
330.OON 
400.000 
400.OON 
SCO. OCN 
400.OCN 



Paraaetrix Inc. -- Environaental Data Svstes 
MARINE SEDIHENT SAMPLES - (BASE NEUTRALS) 

Sta Id Anl Event 

HETH-10 TOT ROUND-1 
METHOD-1 TOT ROUND-1 
HETHOD-7 TOT ROUND-1 
HETHDD-8 TOT ROUND-1 
HETHOD-9 TOT ROUND-1 
HS17-1DP TOT ROUND-1 

HS17-1HS TOT ROUND-1 

HS6-0HSD TOT ROUHD-1 
HS7-6HSD TOT ROUND-1 
HE7-7HSD TOT ROUND-1 

MSO-O-l TOT ROUHD-1 
HSO-0-2 TOT ROUND-1 

MSD-O-3 TOT ROUND-1 
HSO-01-1 TOT ROUND-1 

HBO-02-1 TOT RQUND-1 
HS0-C2-2 TOT ROUND-1 
HSO-02-3 TDT ROUND-1 

HSO-03-1 TOT ROUND-1 
MSO-03-2 TOT ROUND-1 

MSO-03-3 TOT RQUND-1 
HBQ-04-0 TQT RQUHD-1 
MSO-04-1 TOT RGUND-l 
HED-04-2 TOT RQUND-1 
MEO-04-3 TCT RDUND-1 
MBQ-05-0 TOT ROUHD-1 
HEO-05-1 TCT RQUHD-1 
HSO-05-2 TQT RGUHD-1 
MSO-05-3 TOT ROUND-1 

HBC-06-0 TOT RDUND-1 
MEO-06-1 TOT ROUND-l 
MSO-06-2 TOT ROUND-1 
HBD-06-3 TOT ROUHD-1 

Ace 
naphthene 

ppb 

330.00< 
170.000 

330.00< 
330.OOO 
330.OOO 

1600.00 

1600.00 

1430.00 
1100.00 

1300.00 

300.000 
400.OOO 
400.OOO 

400.OOO 
400.OOO 

500.00; 
400.000 

600.OON 

400.000 
400.OON 
500.OOO 
400.00; 
400.OON 

soo.oo; 
soo.oo; 
400.00; 
400.OOO 
400.00; 
600.00; 
400.00; 
400.00; 
400.00; 

Acenaph 

thylene 
ppb 

330.000 

170.OOO 
330.00< 
330.00< 
330.000 

660.C0< 

660.000 

330.00< 
330.000 

330.000 

300.00! 
400.000 

400.OOO 

400.00< 

400.00< 
500,000 

400,00-! 

600,OON 
400,00< 
400,OON 
500,00; 
400,000 
400,OON 
500,00; 
500,oo; 
400,00< 
400.00; 
400,00; 
600,oo; 
400,oo; 
400.00; 
4'OO.OC! 

Aniline 
ppb 

330.000 
170.00< 
330.000 
330.00; 
330.000 

660.00< 
660.000 

330.COO 

330.OOO 

330.00< 

300.OOO 
400.000 

400.OOO 
400.00! 

400.00; 

500.OOO 
400,OOO 

600.000 
400.00; 

400.OON 
500.00; 
400.00; 
400.OON 
500.00; 

soo.oo; 
400.00; 
400.00; 
400.00; 
600.oc; 
400.00; 

400.00; 
400.00-; 

Anthracne 

ppb 

330.00< 
170.00; 
330.OOO 
330.00; 
330.00( 

660.OOO 

660.000 

330.00-! 
330.00; 

330. (iO< 

300.000 
400.000 

400.000 
400.00< 

400.00; 

500.00< 

400.CON 
600.00; 

400.OON 
400.OCN 

600.OOJ 
4CO.O0; 
400.OON 
500.00-! 
500.00; 
400.00; 
400.00; 
400.00; 
600.00; 
400.00; 
400.00; 
400.00; 

Benzidine 

ppb 

2700.000 

1300.00! 
2700.OOO 
2700.OOO 
2700.OOO 

5400. (i0< 

5400.000 

2700.00< 
2700.00! 

2700.000 

3000.OOO 

3000.OOO 

30CO.OOO 
3000.000 
3000.00; 

4000.00< 

3000.00< 
4000.OOO 

3000.00; 

3000.COM 
4000.00; 
3000.0c; 

3000.OON 
4000.00! 
4000.00; 
3000.00; 
3000.00; 
3000.00; 
5000.00; 
3000,00; 
3000,oo; 
3000.00; 

Benzo(a) 

anthracne 
ppb 

330,000 

170,00< 
330.000 
330.OOO 
330.000 

660.000 

660.OOO 

330.00; 
330.00; 

330.OOO 

300.000 

400.000 
400.00; 
400.00; 

400.00< 

500.00; 
400.00! 

600.OOO 

400.000 
400.OON 
1530.OOJ 
400.00! 
400.OON 

sco.oo; 
500.00; 
400.00; 
400,00; 
400.00; 

600,00; 
400.oc; 
400.00; 
400,00; 

Benzo(a) 

pyrene 

ppb 

330,000 

170.00< 
330.000 
330.00< 
330.00< 
660.OOO 

660.COO 

330.OOO 
310.OOO 

330.00! 

300.000 

400.00< 

400.00< 
400.00; 

400.OOO 

500.000 
400.00; 

.600.000 
400.00< 

400.OCN 
770.0.0J 
400.00; 

4C0.00H 
500.000 

5-jo.oo; 
400.00< 
400.00; 
400.000 
400.oc; 
100.00; 
4C0.O0; 
400,oc; 

Benzj(b) 

lluor 

anthene 
ppb 

330.oe< 
170.OOO 
330.ooo 
330. (i0{ 
330.C0< 

660.C0< 

660. COO 
330.00; 

330.000 
330.00; 

300.00; 
400.000 

400,000 

400.OOO 
400,000 

500,00; 
400.0c; 

600.00! 

400.00; 
400.OON 

1500.OCJ 
400.00; 

400.OCN 
500.00; 
500.00; 
400.ac; 
400.00; 

400.00; 
600.00; 

400.oo; 
400. ;i0; 
400,00; 

Benzo 
(g.h.i) 

perylene 

ppb 

330,000 

170,OOO 

330,000 
330.00< 

330.000 

660.OOO 
660.OOO 

330.00; 
330.OOO 

330.000 

300.000 
400.OOO 

400.OOO 
400.00< 

400.00< 

500.OOO 
400.00< 

600.00< 

400.000 
400.OON 

soo.oo; 
400.00; 
400.OON 
500.00; 
50o.;:io; 
400.00^ 
400.00i 

400,00; 
600,oo; 
400.00; 
400,00; 
400,oo; 

Benzolk) 
lluor 

anthene 
ppb 

330,OOO 

170,00< 
330,00< 
330.000 
330,000 

660,OOO 

660.00< 
330.OOO 
330.00; 

330.00< 

300.000 
400.000 

400.000 
400.00< 

400.OOO 

500.00! 

400.00; 
600.00< 

400.000 

400.OON 
SOO.OO! 
400.00; 

400.OON 

soo.oo; 
500,00! 
400.00; 
400.00; 
400.00; 

600.00; 
400.00; 
400.00; 
400.00! 

Benzyl 

Alcohol 

ppb 

330.00< 

170.000 
330.00< 
330.OOO 
330.000 

660.00; 

660.OOO 

330.00! 
330.000 

330.000 
300.00-; 

400.OOO 
400.000 
400.00; 

400.00; 

500.00< 
400. eo; 
600.00; 
400.00; 

400.OON 
500.CON 
400.00; 

400,OOH 

soo.oo; 
soo.oo; 
400.eo; 
400.00; 
400.oo; 
600.00; 
400.00; 
400.00; 
400.00; 

bis(2-chl 

oroethoxy 

luiethane 
ppb 

330.000 
170.OOO 

330.00< 
330,000 
330.000 
660. OOO 

660,00; 

330,000 
330,oo; 
330,00< 

300,000 

400,000 
400,00< 

400,0C< 
400,00; 

500.00; 

400,00! 
too.OOH 
400.00; 

400.OCN 
500.OON 
400,oo; 
400,OON 
500.00; 
500,oo; 
400.00; 
400,00; 
400,oo; 
600,000 
4Co,oo; 
4CC.0-:K 
400,oo; 



HARINE SEDIHEHT SAMPLES - (BASE HEUTRALB) 

Sta Id Anl Event 

HBO-06-4 TOT ROUND-1 
HSQ-07-1 TOT ROUHD-l 
HBO-07-2 TOT R0U;-)D-1 
MSO-07-3 TQT ROUHD-l 
MSO-07-4 TOT RCUND-1 
HEQ-07-5 TOT ROUKD-1 
KE0-C7-6 TOT ROUKD-1 
HEQ-07-7 TOT RCUHD-1 
HSO-OB-1 TOT ROUKD-1 
HBO-OB-2 TOT RQUND-1 
H30-0B-3 TOT ROUND-1 
HSO-OE-4 TOT ROUHD-1 
MS0-09-1 TCT RDUND-l 
!1S0-09-2 TOT ROUKD-1 
MSO-09-3 TOT RQUND-1 
MEO-09-4 TOT RDUKD-1 
MBD-09-5 TOT ROUND-1 
HSO-09-6 TQT ROUND-1 
HEO-09-7 TOT RQUND-1 
HSQ-09-8 TDT ROUND-1 
HSQ-10-0 TQT RDUND-1 
HSQ-10-1 TCT RD'JND-1 
MSD-10-2 TOT ROUND-1 
MEO-10-3 TOT RDUKD-1 
KBQ-lC-4 TDT F,3UND-1 
KSO-il-1 TGT RGUNO-l 
;iSQ-ll-: TOT RCUKD-1 
M3C-11-3 TDT R O U H M 
!1SQ-ll-4 TQT RDUHD-l 
HSO-11-5 TOT ROLHD-1 
HSQ-11-6 TOT RDUKD-1 
MED-11-7 TDT RGJHD-1 

Ace 
naphthene 

ppb 

400.00! 
300.00< 
400.OOO 
400.000 
400.OOO 
400.00; 
400.000 
400.00< 
500.OOO 
400.000 
500.00! 
400.000 
BOO.OO; 
400.000 
500.OOO 
500.000 
400.OOO 
400.00; 
400.00-! 
400.00; 
500.000 
500.eo< 
400.OON 
400.00! 

20C0.00; 
400.000 
400.0C< 
400.00; , 
sco.oo; 
400.00! 
500.00! 
400.0&< 

Acenaph 
thylene 

ppb 

400.00< 
300.OOO 
400.OOO 
400.00; 
400.00; 
400.000 
400.OOO 
400.00-! 
500.00; 
400.000 
500.OOO 
400.OOO 

- 600.OOO 
400.OOO 
500.000 
500.00; 
400.00! 
400.000 
400.00! 
400.00; 
soo.oo; 
500.00; 
400.OOH 
400.00; 

2000.00; 
400.50< 
400.oo; 
400.000 
500.00; 
400.00! 
500.OG; 

400.00! 

Aniline 
ppb 

400.OOO 
3C0.00; 
400.oc; 
400.00! 
400.OOO 
400.0'O; 
400.00; 
400.00! 
500.00! 
400.000 
500.000 
400.000 
800.00; 
400,co; 
500.00! 
500,00! 
400.000 
400.00; 
400.00; 
400.00; 
5G0,00; 
500,co; 
400, [iON 
400.00; 
20C0.0C; 
400.00! 
400,00' 
400.00< 
5:0.000 
400.00! 
500.00-; 
400.00; 

Anthracne 
ppb 

400.OOO 
300.00; 
400.00; 
400.00-! 
400.oc; 
400.00< 
400.COO 
400.00! 
500.00; 
400.00! 
SCO.OOO 
400.00; 
BOO.OO; 
400.00;' 
500.00! 
500.00< 
400.GOO 
400.00; 
400.00< 
400.000 
500.cc; 
500.OOO 
400.OON 
400.oc; 

2000.000 
400,00-; 
400.0C-: 
400,00; 
500,00! 
400,oc; 
50C,Uv! 
400.00! 

Benzidine 
ppb 

3000.000 
3000.00; 
3000.OOO 
3000.00; 
3000.OOO 
3000.00< 
4000.000 
4000.000 
4000.00; 
3000.00; 
4000.00< 
4000.00! 
6000,000 
3000.00; 
4000.00; 
4000.000 
3000.00< 
3000.000 
3000.00; 
3000.00; 
4000.000 
4000.00; 
3000.OON 
3000.00; 

20000.OOO 
4000.00; 
3CCO.OO0 
3000.00; 
4000.00! 
4000.00.; 
4000.00! 
jooo.eo; 

Benzo (a) 
anthracne 

ppb 

400.OC! 
300.00! 
400.00! 
400.00; 
400.00; 
400.0C< 
400.00; 
400.00! 
500.00; 
400.OOO 
500.OOO 
400.00; 
BOO.OO 
400.00; 
500.00! 
500.00< 
400.oo; 
400.00-:; 
400.oo; 
400.00! 
B30.0C 
500.00; 
400.OON 
400,00; 

2000,oc; 
400,00; 
400.00; 
400,00; 
500,oo; 
400. co; 
500.00; . 
400.00! 

Benza(a) 
pyrene 

ppb 

400.00; 
300.00; 
400.00; 
400.00; 
400.00; 
400.00; 
400.00; 
400.00! 
soo.oo; 
400.00; 
500.ooo 
400.OOO 
BOO.OO; 
400.00; 
500.ooo 
500.COO 
400.000 
400.00; 
400.-OOO 
400.ot; 
720,00 
5(K),00( 
40o.oo;'i 
400,00! 

2000.oc; 
400.00; 
400.00; 
400.00; 
500.000 
400.00; 
sco.oo; 
400.00; 

6enzo(b) 
f 1 uor 

anthene 
ppb 

400.000 
300.000 
400.00; 
400.00; 
400.00! 
400.00! 
400.000 
400.000 
500.00! 
400.00< 
SCO.OOO 
400.000 
1290.00 
4C0.00! 
500.00; 
500.00; 
400.000 
400.oeo 
400.COO 
400.000 
1640.00 
530.00 
400. OOf) 
400.00! 

2000.00; 
400.oeo 
400.00< 
40i;!,oo; 
500.00; 
400.00; 
500.00! 
4:iO.OO! 

Benzo 
(g,h,i) 

perylene 
ppb 

400.000 
300.000 
400.00; 
400.COO 
400.000 
400.OOO 
400.00; 
400.coo 
500.00; 
400.00< 
500.'000 
400.00! 
800. (iO< 
400.00< 
500.COO 
500.000 
4C0.00; 
400.00! 
400.OOO 
400.00< 
sco.oo; 
500.00! 
400.OOM 
400.OOO 

2000.00< 
400.00; 
400.00; 
400.00; 
500.00! 
4C0.O0; 
500.OOO 
4CO.00; 

BenzoO.) 
fluor 

anthene 
ppb 

400.00; 
300.00! 
400.00; 
400.00; 
400.00! 
400.00; 
400.co; 
400.0C-; 
soo.oo; 
400.00; 
500.00! 
4CO.CO0 
BOO.OO; 
400.00; 
500.OC! 
500.00; 
400.000 
400.OOO 
400.00! 
400.00; 
soo.oo; 
500.00< 
400.00H 
400.00! 

2000.00! 
400.000 
400.00; 
400.00; 
500.CC( 
40C.00; 
500.00; 
400.coo 

Benzyl 
AlcohDl 

ppb 

400.00! 
300.00; 
400.00! 
400.eo; 
400.00; 
4C0.OC; 
400.00-! 
400.OON 
500.00; 
400.000 
500.OOO 
400.00! 
BOO.OO; 
400.000 
500.OON 
500.00-! 
400.000 
400.00! 
400.0); 
400.00-! 
500.000 
sco.oo; 
400.OCN 
400.00; 

2000.OC! 
400.00; 
400.co; 
400.-00! 
500.00-; 
400,00-; 
500.000 
400.00! 

b;i!2-chl 
oroethoKy 
Inethane 

ppb 

4C0.CO; 
300.0:K 
400.00; 
400.000 
400.00; 
400.00! 
400.00; 
400.000 
500.00; 
400.000 
500.OOO 
400.0C< 
800.00! 
400.00; 
500.OOH 
500.00! 
400.00! 
400.OOO 
400.000 
400.00; 
500.00; 
500.000 
400.CON 
400.00! 

2000.00! 
400.00; 
400.00; 
400.000 
500.000 
400.000 
500.00( 
400.00; 



Paraaetrix Inc. — Environaental Data Systea 
HARINE SEDIHEHT SAHPLES - (BASE NEUTRALS) 

Sta Id Anl Event 

HSO-11-8 TOT ROUHO-1 

HSO- l l -9 TOT ROUND-1 

HSO-12-1 TOT ROUND-1 

HSO-12-2 TOT ROUHD-1 

HEQ-12-3 TOT RQUHD-1 

HSD-12-4 TOT ROUIJD-1 

HSO-12-5 TOT ROUKD-1 

HSO-13-1 TOT ROUHD-1 

HSO-13-2 TOT ROUHD-1 

HSD-13-3 TOT ROUND-1 

HBO-13-4 TOT ROUND-1 

HBO-13-5 TQT RQUHD-1 

MEO-13-6 TOT ROUHD-1 

HEO-13-7 TOT ROUHD-1 

HS0-13-B TOT RDUND-1 

MSO-14-1 TOT RQUND-1 

MSQ-14-2 TQT RDUHD-l 

H5Q-14-3 TQT ROUND-1 

HED-14-4 TOT RQUKD-1 

HEO-14-5 TOT RDUND-1 

HSD-15-2 TOT RQUHD-1 

HSG-15-3 TOT RQUHD-l 

HSO-15-4 TOT ROUHD-1 

HED-IS-S TOT RGUHD-1 

HSO-16-1 TOT RQUHD-1 

HEQ-16-2 TCT ROUHC-1 

HSO-16-3 TOT RDUHD-1 

MEO-16-4 TOT R'3UHD-1 

HB3-17-1 TQT RCUHD-1 

Hs0- ;7 -2 TQT RQUHD-1 

HSQ-17-3 TCT RCUflL-1 

MSQ-17-4 TJT RQUND-1 

Ace 
naphthene 

ppb 

400.OOO 

400.000 

500.000 

400.OOO 

500.00< 

4DO.OO0 

400.000 

400.00< 

400.000 

400.OOO 

400.00-! 

400 .00 ; 

400.OOO 

400.000 

400.OOO 

500.00< 

400 .00 ! 

500.00< 

400.000 

500.OOO 

400.00; 

400.00; 

400.000 

400.coo 
500.OOO 

400.OOO 

400.00; 

400.00; 

800 ,00 ; 

500,00; 

400,oo; 
500,00; 

Acenaph 

thylene 

ppb 

400.000 

400.00-! 

500.OOO 

400.00; 

500.000 

400.00; 

400.000 

400.00< 

400.000 

400.00! 

4C0.00; 

400.OOO 

400.000 

400.00-! 

400.00-; 

500.00; 

400.00< 

500.000 

400.00; 

500.00! 

400.00; 

400.oe; 
400.00 ! 

400 .00 ; 

soo.eo; 
4-30.00; 

400.00; 

400.00; 

BOO.OO; 

500.00! 

400.00; 

500.00; 

An i l i ne 

ppb 

40O.OO0 

400.00; 

500.oeo 
400.00 ; 

500.OOO 

400.00 ; 

400.00; 

400,000 

400,00; 

400.000 

400.00; 

400 .00 ; 

400.OOO 

400.00! 

400 .00 ; 

soo.oo; 
400.00; 

soo.oo; 
400.00( 

500,eo< 
400,00! 

400.00; 

400.00! 

400.00; 

500.00; 

400.00; 

400.00; 

400.co; 
800,00; 

500 ,00 ; 

4co,oo; 
500,00; 

Anthracne 

ppb 

400.000 

400.OOO 

1130.00 

400 .00 ; 

500.000 

400.000 

4OO.OO0 

400.00-; 

400 .00 ; 

400.000 

400.OOO 

400.00 ; 

400.00; 

400 .00 ; 

400.OOO 

soo.oo; 
400.000 

500.00; 

400.oo; 
500.00 ; 

400.C0< 

400.00< 

400.00; 

400.00; 

500 .00 ; 

400.00; 

400.00; 

400.00; 

2000.OC; 

500.00; 

400.00; 

soo.oo; 

Benzid ine 

ppb 

4000.OOO 

4000.OOO 

4000.000 

3000.OOO 

4000.00< 

3000.000 

3000.00< 

1000.00-; 

3000.00< 

4000.000 

3000.00< 

3000.00; 

3000.00< 

4000.OOO 

4000.00; 

4000.00; 

4000.000 

4000.00; 

4000.00-! 

4000.000 

4000.00; 

3000.OOO 

4000.00; 

3000.000 

4000.00; 

3000,oo; 

4000.00; 

4O00.CO; 

icoco.oo; 
4000.00; 

4000.00; 

4000.00; 

Benzo(a) 

anthracne 

ppb 

400.00 ! 

400.OOO 

2250.00 

400.00-! 

500 .00 ; 

400.0C< 

400 .00 ; 

1760.00 

400,OOO 

400.00; 

400.00; 

400.oc; 
400.00 ; 

400 .00 ; 

400.00; 

50C.00! 

400.00; 

500.000 

400 .00 ; 

500.000 

400.00; 

400.00; 

400 .00 ; 

400.00; 

soo.oo; 
400,00; 

400,00; 

400,00; 

2500,00 

500,oo; 
400,co; 
500,GO; 

Berzo(a) 

pyrene 

ppb 

400,000 

400,00< 

530,00 

400,OOO 

500.00! 

400.000 

400.00; 

400.000 

400.000 

400.00; 

400.00; 

400.00! 

400.00; 

400.00; 

400.000 

500.00; 

400.00; 

500.00; 

400,00-; 

500.00; 

400.00; 

400.00; 

400.oc; 
400.0C< 

500.00; 

400.00; 

400.00; 

400 .oe ; 

2000.000 

!:oo.oo; 
400.00; 

5 )0 .00 ; 

Benzo(b) 

f l uo r 

anthene 

ppb 

•400.000 

400.000 

1300.00 

400.00; 

500.000 

400.OOO 

400.00; 

400.00! 

400.OOO 

400.00; 

400.OOO 

400.00! 

400,00< 

400,000 

400.00; 

500.000 

400.OOO 

500.00; 

400.00; 

500.OOO 

400.000 

400.00; 

400.0c; 

4C0.00-! 

sco.oc; 
400.00; 

400.00; 

400.00; 

26.00.00 

500.00; 

4C0.0C; 

500.00: 

Benzo 

Ig.h. i ) 

perylene, 

ppb' 

400.00< 

400.OOO 

500.000 

400 .00 ! 

SOO.OOO 

400.000 

400 .00 ! 

400.OOO 

400.OOO 

400.OOO 

400.OOO 

400.00< 

400.OOO 

400.OOO 

400.OOO 

SOO.OO! 

400.OOO 

500.000 

400 .00 ; 

5C0.0C; 

400.00-; 

400.00; 

400.00; 

400.cc; 
500.00 ; 

400.cc; 
400.00; 

400.00; 

2000.00; 

5C0.0C; 

400.00; 

500.00; 

Benzolk) 

f l u o r 

anthene 

ppb 

400.00; 

400.00; 

500.00< 

400.000 

500.000 

400.00; 

400.000 

400.000 

400.00! 

400.00; 

400.OOO 

400.000 

4GO.OO0 

400.00< 

400.00; 

soo.oo; 
400.00< 

500.00; 

400.eo< 
500.0C< 

400.0c ; 

400.00; 

400 .00 ; 

400.cc; 
500.00 ! 

400.00; 

400.00; 

400.00; 

2000.00; 

500.00; 

400.00; 

500 ,00 ; 

Benzyl 

A lcohol 

ppb 

400,00 ! 

400,00; 

500.00; 

400.00; 

500.0C< 

400.00; 

400.OOO 

4C0.00; 

400.00! 

400.00! 

400.oeo 
400.00-; 

400.00; 

400.0c ; 

400.000 

500.00; 

400.00; 

500.OOH 

400.00; 

soo.eo; 
400.00; 

400.00; 

400.00; 

4C0.00; 

500.00! 

400,00; 

400,00; 

400.00; 

eocoo; 
500,00! 

400.00! 

500.000 

b i s (2 -ch l 

oroetho:<y 

laethane 

ppb 

400.OOO 

400.COO 

500.00; 

400.00; 

500.00! 

400.00; 

400,00; 

400.000 

400.000 

400.000 

400.OOO 

400.00; 

400.00; 

400.0C< 

400.OOO 

500.00; 

40C.0(K 

SOC.OOO 

400.000 

500.000 

400.OOO 

400.00; 

400.00; 

400.00! 

500.-oc; 
400.0c; 

400.00; 

400.oc; 
800.00 ; 

500 .00 ! 

400.00; 

SCO.OO! 

I •--



MARINE SEDIHENT SAMPLES - (EASE NEUTRALS) 

Bta Id Anl Event 

flSQ-18-1 TOT RDUND-1 

HSG-lE-2 TOT ROUKD-1 

HEO-lE-3 TDT RQUND-1 

MSO-19-1 TQT ROUND-1 
HEQ-19-2 TDT RDUND-1 

MSD-20-1 TOT ROUND-1 

HEO-20-2 TOT ROUND-1 

KEO-21-1 TOT RDUHD-1 

HSO-21-2 TOT ROUND-1 

HBO-21-3 TOT ROUND-1 

MSO-22-1 TOT ROUND-1 

MBQ-22-2 TOT RQUND-1 

HEO-22-3 TCT ROUND-1 

HBG6-0J1S TQT RDUNC-1 

MS07-6MS TOT RCUND-1 

HEG7-7ME TOT ROUND-1 

REP-1 TCT RDUND-1 

REP-2 TOT RDUHC-1 

REP-3 TDT ROUND-1 

REP-4 TOT RQUKD-1 

Ace 
naphthene 

ppb 

BOO.OOO 

500.coo 
400.000 

600.ooo 
500.00< 

500.oe( 
500.OOO 

500.000 

600.000 

600.00< 

500.OOO 
1000. C'0< 

500.OOO 

1410.00 

3110.00 

1290.00 

400.00< 

400.OOO 

500.00-! 

400 .00 ! 

Acenaph 

thy lene 
ppb 

BOO.OOO 

5 0 0 . 0 0 ; 

4 0 0 . 0 0 ; 

6 0 0 . 0 0 ; 

500.000 

500.000 

500.00! 

500.OOO 

600.000 

600.000 

500.OOO 

1000.000 

500 .00 ! 

330.00! 

330.00! 

330 .00 ; 

400 .00 ; 

400.000 

500.000 

400 .00 ! 

A n i l i n e 
ppb 

Boo.oc; 
500.00 ! 

400.00! 

600.00; 

500.00; 

500.OOO 

500.00 ; 

500,000 

600,cc ; 
600.000 

500.000 

lOOO.COO 

500.00! 

330.OOO 

330.00; 

330.00; 

400 .00 ; 

400.00; 

500 .00 ! 

400.00; 

Anthracne 
ppb 

lOtO.OO 

sco.oo; 
400.OOO 

600.00 ! 
S'Oo.oc; 
500.000 

5 0 0 . 0 0 ; 

740.00 

600.OOO 

600.000 

sco.oo; 
1000.oo ; 

SCO.oeo 
3 3 0 , 0 0 ; 

3:0,.oc; 
330 ,00 ; 

400,0C< 

400 ,00 ; 

500,oc; 
400,00; 

Benzid ine 
ppb 

7000.00; 

4000.OOO 

4000.OOO 

5000.000 
4000.000 

4000.000 

4000.00; 

'4000.000 

5000.000 

5000.000 

4000.00! 

6OOO.OO0 

4000.OOO 

2700.000 

2600.00! 

2700.00; 

3000.00; 

4000. (i0< 

4000.C0< 

3000.co; 

Benzodi) 

anthracne 
ppb 

1810.00 

SCO.OOO 

4CO.OO0 

600.00; 

500.C0< 

500.00! 

500,00; 

1210,00 

600,00; 

600.00; 

500.00; 

1000.00; 

500.0;'< 

330.00; 

330.0C-; 

330.00; 

400.00! 

400.00; 

500.00; 

400.00; 

Benzola) 

pyrene 
ppb 

1240.00 

500.00; 

400,oo; 
600,00 ; 

500 .00 ; 

500,00; 

500,00< 

660,00 

600 .00 ; 

600 .00 ! 

soo.oo; 
1000.00! 

500.00; 

330.00! 

330.00! 

330.00; 

400.CO; 

400.00; 

500.00; 

400.000 

Benzo(b) 
f l u o r 

anthene 
ppb 

2300.00 

500.000 

400.000 

600.000 

500.00! 

500.00< 

500.00; 

1260.00 

600.000 

6C0.00; 

570.00 

lOOO.OC! 

500.000 

330.00; 

330.CO! 

330.OOO 

400.00< 

400.00! 

500.OOO 

400.00-! 

Benzo 

(g ,h ,2 ) 

perylene 
ppb 

600.000 

500.00! 

400.00; 

600.OOO 

500.00! 

500.000 

SCO.OC! 

500.COO 

600.00; 

600.000 

500.00-; 

1COO.OO< 

500.OOO 

330.OOO 

330.00< 

330.00! 

400.000 

400.000 

500.000 

400.00; 

Benzo(k) 

f l u o r 

anthene 

ppb 

B00.00< 

500.00; 

400.00; 

600.00! 

500,00< 

sco.oo; 
5 0 0 . 0 0 ; 
500.000 

£ 0 0 . 0 0 ; 

600.000 

5 0 0 . 0 0 ; 

loco.oo; 
500 .00 ' 

330.000 

330,eo; 
330,00< 

400,00. ' 

4co.oe; 
500,000 

400,000 

Benzyl 

Alcohol 
ppb 

600,00! 

soo.oo; 
400,00-' 

iCO.OO; 

soo.oo; 
SCO.OO! 

SCO.000 

5co.ec< 
6 0 0 . o t ; 

600.00-! 

500.00< 

1000,00; 

500.OOO 

330.00 ! 

33-0.00< 

330 .00 ; 

400 .00 ; 

400.000 

soo.oo; 
400.oc; 

b i 5 ( 2 - c h l 

oroethoxy 

laethane 
ppb 

800.00-! 

500 .00 ; 

400.00< 

600,00; 

500 .00 ; 

500.00; 

500 ,00 ; 

500 .00 ! 

600 ,00 ! 

600 .00 ; 

soo.oo; 
looo.co; 

SCO.OC! 

330.OOO 

330.ooo 
33-0.90; 

400.00! 

4C0.0C; 

500 .00 ; 

400.000 



Paraaetrix Inc. — Environaental Data Svstea 
HARINE SEDIHENT SAHPLES - (BASE NEUTRALS) 

Sta Id Anl Event 

METH-10 TOT ROUND-1 

METHDD-1 TOT ROUND-1 

HETHOD-7 TOT ROUWD-1 
HETHOD-B TOT RDUND-1 

METHDD-9 TOT ROUHD-1 

MS17-1DP TOT ROUHD-1 

HS17-1HS TDT RDUND-1 

HS6-0HSD TOT ROUND-1 

HS7-6HSD TOT ROUND-1 

HS7-7HSD TOT ROUHD-1 

MSO-O-l TOT ROUHD-1 

MSO-0-2 TOT ROUND-1 

HBO-O-3 TOT ROUND-1 

MSO-Ol-1 TOT ROUND-1 

HSD-02-1 TOT RDUND-l 

HE0-C2-2 TOT RQUHD-1 
MSO-02-3 TQT ROUND-1 

HSO-03-1 TOT RCUND-1 

HSD-03-2 TQT ROUHD-1 

HSQ-03-3 TDT ROUND-1 

MSD-04-0 TDT RDUND-i 

HSD-04-1 TOT RCUND-1 
ME0-04-2.TQT ROUHD-1 

HBQ-04-3 TOT RCUHC-l 
HED-05-0 TGT ROUND-1 

MSO-05-1 TQT RGUHD-1 

HSC-05-2 TQT RDUHD-1 
HSO-OS-3 TOT ROUHD-1 

HBQ-06-0 TOT ROUKD-1 
HSO-06-1 TOT ROUHD-1 

HSC-06-2 TOT RCUND-1 
MEO-06-3 TDT ROUKD-1 

b i s ( 2 - c h l 

o r o e t h y l ) 

e ther 

ppb 

330.00< 

170.000 

330.OOO 
330.000 

330.OOO 

660.00< 

660.000 

330,00< 

330.000 

330.OOO 

300.000 

400.OOO 

400.OOO 

, 400.OOO 

400.000 

500.00< 

400.OOO 

600.000 

400.000 

400.00N 

500.OON 

400.00; 
400.OOH 

500.oc; 
soo.oo; 
400.00< 

400.OOO 
400.000 

600.00! 

400.00; 

400.00; 

400.00; 

b j s (2 -ch l 

oroisopro 
pyDether 

ppb 

330.OOO 

170.000 

330.000 
330.000 

330.OOO 

660.000 

660.000 

330.00! 

330.00< 

330.000 

300.OOO 

400.OOO 

400.00; 

400.OOO 

400.OOO 

500.000 

400.000 

600,00< 

400,000 

400,OCN 

500,OON 
4(0,000 

400,OON 

500.00< 

500,000 
400,oe; 
400 ,00 ! 
4'00,00-! 

600,00< 
400,oo; 
400,00! 

400,000 

b i s (2 -e th 

y lhexy l ) 

phthalate 

ppb 

330,0C< 

170,OOO 

330,00; 
330.OOO 

330.000 

660.000 

660.000 

330.00< 

330.00< 

330.00< 

300. (iO< 

400.00< 

400.00! 

400.00; 

400.OOO 
500.000 

400.00; 

600.OOO 

400.00! 

400.OON 

500.OCN 

400.00; 

AOO.OCN 

500.00-! 

SOC.OOO 
400.00; 

4eo.cC'; 
400.OC! 

600.00; 

400,oo; 
400,eo; 
400, co ; 

4-BroaDph 

eny l -phen 
y l e ther 

ppb 

330,000 

170.000 

330.000 
330.OOO 

330.OOO 

660.000 

660.OOO 

330.OOO 

330.OOO 

330.OOO 

300.000 

400.000 

400.000 
400.OOO 

400.00< 

500.00< 

400.OON 

600.00; 

400.OCN 

400.OOH 

500.DON 

400.00; 
400.OOH 

500.00 ; 

500 .00 ; 

40C.00; 
400,oo; 
400.00 ; 

600 .00 ; 
400.00; 

400.00; 
400.00; 

Bu ty l 

benzyl 

p h t h a l a t e 

ppb 

330.OOO 

170.00< 

330.000 
330.000 

330.OOO 

660.000 

660.000 

330.000 

330.00( 

330.00; 

300.00! 

400 .00 ; 

400,00< 

400.000 

400.OOO 

soo.oo; 
400.00 ; 

600.000 

400 .00 ; 

400.OON 
500,00 ; 

400,oc; 
400.OCN 

500,00; 
500,co; 
400,00; 

400,00; 

400.00! 
600,00; 

400,oc; 
400,00; 

400.00! 

4-Chloro 
a n i l i n e 

ppb 

330.00; 

170.0:); 

330.00; 
330.00; 

330.00; 

660.00; 

660.00; 

330.OOO 

330.000 

330.000 

300.00; 

400.00! 

400.00; 

400.0C< 

400.00! 

500.00; 

400,oc; 
600,OCN 

4CO,oc; 
400,OOH 

SCO.OON 
400.00 ; 

400.OCN 

soo.oo; 
500.00! 

400,oo; 
400.00; 

400,oo; 
600.00; 

400.: !c; 
400,oo; 
400.00; 

2-Chloro 

naphthlne 

ppb 

330.000 

170.000 

330.0CO 
330.C0< 
330.00; 

660.00! 

660.000 

330.00! 

330.00; 

330.OOO 

300.00; 

400.000 

400.00; 

400.00< 

400.00; 

soo.eo; 
400.00< 

600.OCN 

400.00; 

400.OON 
500.0C< 

400 .00 ; 

400.OON 

500.0C< 

soo.oo; 
400.00; 

400.00; 

400.00; 

•400.00; 

400 .00 ; 

400.00; 
400 .00 ; 

4-Chlarop 
henyl phe 

ny l e ther 

ppb 

330.00 ; 

170.000 

330.000 
330.00< 

330.OOO 

660.00 ; 

660.OOO 

330.OOO 

330.00; 

330.00; 

300.OOO 

400.00< 

400.000 

400.OOO 

400.00 ! 

500 .00 ; 

400.00; 

600.OON 

400.00 ; 

400.OON 

500.OOO 
400.00; 

400.OON 

500.00 ! 
Soo.oo; 
400.cc ; 
400.00; 

400.00; 

600.00; 

400.00; 

400.oo; 
400.00; 

Chrysene 

ppb 

330.coo 
170.000 

330.ooo 
330. (iO< 
330.OOO 

760.00 

760.00 

330.000 

33O.OO0 

330.000 

300.000 

400.OOO 

400.000 

400.OOO 

4OO.OO0 

500.000 

400.00; 

600.00< 

400.00; 

400.OON 

2160.OOJ 
4C0.C0; 

400.OON 

500.00; 
500.000 

400.00; 

400.00; 

400.00; 
600.00; 

40o.i;io< 
400.00< 

400.00; 

Dibenzo 

la,h) 

anthracne 

ppb 

330.OOO 

170.00; 

330.00; 
330.000 

330.000 

660.00; 

660.000 

330.000 

330.00-; 

330.00< 

300.00; 

400.00< 

400.OOO 

400.00; 

400.000 

soo.oo; 
400.OOO 

600.000 

400,oo; 
400,OCN 

500,00! 
400 .00 ! 

400.OOK 

soo.oo; 
500.oc; 
400.00 ; 
400 .00 ; 

400.00; 

600.oc; 
400,00; 

400.oc; 
400.00; 

Dibenzo 

fu ran 

ppb 

330.OOO 

170.00; 

330.00; 
330. OC! 

330 .00 ; 

660.OOO 

660.00 ; 

330.00; 

330.00; 

330.00; 

300.000 

400.00; 

400.00; 

400.00; 

m.m 
sco.oc; 
400.OOO 

600.OON 

400.00; 

400.OON 

500.00< 

400.00; 

400.OON 
500,0C< 

500.00; 

400.00; 
4;'0.0C< 

400.00; 

- 600 .00 ; 

400.00; 
400.00; 

4C0.C0; 

1,2-
D i c l o r o 

benzene 

ppb 

33C.OO0 

170,00; 

330,000 
330,000 

330 ,00 ; 

660,00< 

660,000 

330,000 

330,OOO 

330,00< 

300.000 

400,oc; 
400,00< 

400.00; 

40::i.oo< 
500.00; 

400.00; 

600.oe< 
4C0.00< 

400.OON 

SCO.OOH 
400.00; 

400.OON 

500.00; 

50C.00< 
400.00; 

400.oo; 
400,00! 

600,oo; 
400.00; 
400.00; 

400,00; 

http://4eo.cC'


Paraaetrix Inc. — Environaental Data Svstea 
MARINE SEDIHENT SAHPLES - (BABE NEUTRALS) 

Sta Id Anl Event 

HSO-06-4 TOT ROUND-1 

HSO-07-1 TOT ROUND-1 

HSO-07-2 TOT RDUHD-1 
HBD-07-3 TOT ROUND-1 

HEQ-07-4 TOT ROUND-1 

HSD-07-5 TOT ROUND-1 

HSD-07-6 TDT ROUND-1 

HSO-07-7 TDT ROUND-1 

MSO-OB-1 TOT ROUND-1 

: HBO-OB-2 TOT ROUND-1 

nSD-OB-3 TOT ROUND-1 

MBO-OB-4 TOT RDUHD-1 

MB0-09-1 TOT RDUND-1 

HBO-09-2 TOT ROUND-1 

MSO-09-3 TOT ROUND-1 

HSO-09-4 TOT RDUND-1 

HSD-09-5 TDT ROUHD-1 

HSO-09-6 TOT RDUND-1 

HSD-09-7 TOT ROUHD-1 

HB0-09-B TOT ROUND-1 

HSD-10-0 TDT ROUND-1 

HSO-10-1 TOT ROUND-1 

HSO-10-2 TOT ROUND-1 

MSO-10-3 TDT RQUND-1 

HSO-10-4 TDT R'3UHD-1 

MBO-11-1 TQT RDUND-1 
MSO-11-2 TOT ROUND-1 

MSO-11-3 TOT ROUND-l 

HSO-11-4 TOT RDUHD-1 

HBO-11-5 TOT ROUND-1 

HSO-11-6 TOT ROUND-1 

HSO-11-7 TOT ROUND-1 

h i s ( 2 - c h l 

o r o e t h y l ) 
e ther 

ppb 

400.000 

300.000 

400.000 
400.00< 

400.000 

400.000 

400.000 

400.OON 

500.00< 

400.00< 

500.000 

400.000 

800.000 

400.00; 

500.OON 

500.OOO 

400.000 

400.000 

400.OOO 

400.00; 

500.000 

500.000 

400.OON 

400.00( 

2000.OOO 

400.00; 

400.00; 

400.00< 

soo.oo; 
400.OOO 

500.ooo 
400.coo 

bi5(2-chl 

oroisopro 
pyDether 

ppb 

400.00; 

300.00< 

400.00; 
400.00; 

400.000 

400.00! 

400.00< 

400.ODN 

500.000 

400.000 

500.00< 

400.00; 

B00.00< 

400.000 

500.00N 

500.00-! 

400.00< 

400.000 

400.00< 

400.000 

500.eo< 
500.00< 

400.OON 

400 .00 ; 

2000.00; 

400.000 

400.00; 

400.oc ; 
500.0C< 

400 .00 ; 

500 .00 ! 

400 .00 ! 

b i 5 ( 2 - e t h 

y l h e x y l ) 
p h t h a l a t e 

ppb 

400.00; 

300 .00 ! 

400.00; 
400.00; 

400.00( 

400.000 

400.OOO 

400.0C< 

soo.oo; 
400.00; 

500.0C< 

400.000 

BOO.OO 

4OO.OO0 

500.000 

500 .00 ; 

400.00! 

400.000 

400.000 

400.000 

2050,00 

1660.00 

400.OCH 

400.00; 

2000.00; 

400.00; 

400.00; 

400.00; 

500,00! 

400,00; 

5CO,00( 

400.00; 

4-Broffloph 

enyl -phen 

y l ether 

ppb 

400.000 

300.000 

400.000 
400.00; 

400 .00 ! 
400 .00 ! 

400.00< 

400.OOO 

500.OOO 

400.COO 

500.000 

400.00< 

800 .00 ! 

400.0C< 

soo.oo; 
soo.oo; 
400.000 

400.000 

400 .00 ; 

400.0C< 

soo.oo; 
500.00-! 

400.OCN 

400.000 

2000.00; 

400.00; 

400,oo; 
400,000 

500,00; 

400.00; 

5CC.00< 

loo.oc; 

Buty l 

benzyl 

p h t h a l a t e 

ppb 

400.00 ; 

300 .00 ; 

400,000 
400,00; 

400.000 

400.00< 

400.000. 

400.000 

500.00< 

100.OOO 

5CO.OO0 

400 .00 ; 

800.000 

400.00; 

500.00< 

500.OOO 

400.000 

400.OOO 

4OO.OO0 

400.OOO 

500 .00 ; 

500.00< 

400.OON 

400.00< 

2000.00; 

400.00; 

400.00; 

400.oc ; 
soo.oo; 
400. CO-; 

500. (iO< 

400.00; 

4-ChlorD 

ani l ine 

ppb 

400.00; 

300.00< 

400.000 
400.00; 

400.00; 

400.000 

400.000 

400.OOO 

soo.oo; 
400.000 

500.000 

400.00; 

800.OOO 

400.00 ; 

500.OON 

500 .00 ; 

400.00-! 

400.000 

400.00; 

400.00! 

soo.oo; 
soo.eo; 
400.OCN 

400.00; 

2000.00; 

400 .00 ; 

4eo.oo( 
400.00; 

sco.oo; 
400.00 ; 

500.00-; 

4CO.O0; 

2 -Ch loro 

naphth lne 

ppb 

400 .00 ! 

300 .00 ; 

400.OOO 
400.000 

400.000 

400.000 

400 .00 ; 

400.OOO 

500.OOO 

400 .00 ! 

500.OOO 

400.000 

800.000 

400.OOO 

500.00< 

sco.oo; 
400.000 

400.000 

400.000 

400.000 

500.00! 

500.00! 

400.OON 

400.00< 

2000.OOO 

400.00; 

400.00; 

400.0G( 

500.00; 

400.00; 

sco.oo; 
400.00; 

4-Chlorop 

henyl phe 

nyl e ther 

ppb 

400.00; 

300.00< 

400.OOO 
400.00 ; 

400 .00 ! 

400.00< 

40C.00; 

400.000 

500.00< 

400.000 

500.000 

400.OOO 

800.000 

400.00< 

500.OOO 

soo.oo; 
400.000 

400.000 

400.00< 

400 .00 ; 

500.OOO 

500.000 

400.OON 

400.000 

2000.00; 

400.00; 

400.coo 
400.000 

500 .00 ; 

400 .00 ; 

soo.eo; 
400.000 

Chrysene 

ppb 

400.000 

300.000 

400.OOO 
400. (iO< 

400.00< 

400.OOO 

400.OOO 

400.OOO 

500.00! 

400.OOO 

soe.ooo 
400.OOO 

1290.00 

400,OOO 

500.000 

500.000 

400.00< 

400.000 

400.000 

400.OOO 

1800.00 

530.00 

400.OOH 

400.00< 

2000.OOO 

400.000 

400.OOO 

400.000 

500.000 

400.OOO 

500.000 

400.OOO 

Dibenzo 

(a ,h) 
anthracne 

ppb 

400.000 

300.OOO 

400.00 ; 
400.00< 

400.0C< 

400.OOO 

4OO.OO0 

400.00< 

500.000 

400.OOO 

500.00 ; 

400.000 

800.000 

400.OOO 

500.00 ! 

500.00< 

400.000 

400.OOO 

400.00 ! 

400.000 

500.000 

500.OOO 

400.CON 

400.oeo 
2000.OOO 

400.00; 

400.00-; 

400.0C< 

500.00< 

400.000 

500.OOO 

400.00 ; 

Dibenzo 

fu ran 

ppb 

400.00 ; 

300 .00 ; 

400 .00 ; 
400.oo; 
400.00 ; 

400 .00 ; 

400.OOO 

400.00! 

500.00; 

400 .00 ; 

SOC.OOO 

400.000 

800.000 

400.000 

500 .00 ; 

soo.oo; 
400.00! 

400.00; 

400.000 

400.00; 

500 .00 ; 

500 .00 ; 

400.CON 

400.00; 

2000.00; 

400.000 

400.00; 

4eo.oo< 
500.00! 

400.000 

500 .00 ! 

400.000 

1,2-
D i c l o r o 

benzene 

ppb 

400.00< 

300.OOO 

400.OOO 
400.00< 

400.00! 

400.000 

400.000 

400.00N 

5CO.OO0 

400.000 

500.000 

400.000 

600.000 

400.900 

500.OON 

. 500.00< 

400.000 

400.OOO 

400.000 

400.000 

500.OOO 

500.COO 

400.OON 

400.0C< 

2000.00; 

400.00; 
400.00; 

400.00; 

5-00. oo ; 
400.000 

500 .00 ; 

400.00! 



Paraaetrix Inc. ~ Environaental Data Systea 
MARINE SEDlHEia SAHPLES - (BABE HEUTRALB) 

Std Id Anl Event 

HBO-11-8 TOT ROUHD-1 

HSO-11-9 TOT RCUND-1 

HSO-12-1 TOT ROUND-l 

MBO-12-2 TOT ROUND-1 

MSQ-12-3 TOT ROUND-1 

HSD-12-4 TOT ROUND-1 

MSO-12-5 TOT ROUND-1 

HSD-13-1 TOT ROUND-1 

HSQ-13-2 TOT ROUND-1 

HSQ-13-3 TOT ROUND-1 

HSD-13-4 TOT ROUND-1 

HSO-13-5 TOT ROUND-1 

MEO-13-6 TOT ROUND-1 

HSO-13-7 TOT ROUHD-1 

HS0-13-B TOT ROUHD-1 

MSO-14-1 TOT ROUHD-1 

HEO-14-2 TOT ROUHD-1 

MSO-14-3 TOT RDUHD-1 

HSO-14-4 TQT RDUHD-1 

HSQ-14-5 TQT ROUHD-1 

HSO-15-2 TOT ROUND-1 

HBO-15-3 TDT ROUHD-1 

HSO-15-4 TCT ROUHD-1 

MBO-15-5 TOT ROUND-1 

HSD-16-1 TDT ROUND-i 

HED-16-2 TOT ROUKD-1 

HSD-16-3 TDT ROUHD-i 

HED-16-4 TOT ROUIJD-l 

HBO-17-1 TOT ROUHD-1 

HSO-17-2 TDT ROUND-1 

MED-17-3 TDT RGUND-l 

HED-17-4 TCT ROUND-1 

b i s ( 2 - c h l 

o r o e t h y l ) 

e ther 

ppb 

400.00< 

400.000 

500.000 

400.00< 

500.000 

400.000 

400.00< 

400.000 

400.OOO 

400,00< 

400.00< 

400.OOO 

400.OOO 

400.00< 

400.000 

500.OOO 

400.00 ; 

SCO.ODN 

400.00( 

sco.oc; 
400.00! 

4C0.00; 

400.oc; 
400.00; 

500 .00 ; 

400 .00 ; 

400.oo; 
400.00-! 

800.00< 

500 .00 ; 

400.0:); 

soo.oo; 

b i5 (2 -ch l 

oro isopro 

pyDether 

ppb 

400.000 

400.000 

500.000 

400.00< 

500.000 

400.OOO 

400.000 

400.000 

400.00< 

400.000 

400.00! 

400.000 

400.000 

400.000 

400.OOO 

500.OOO 

400.00! 

500.OON 

400.000 

soo.oo; 
400.000 

400 .00 ; 

400 .00 ; 

400.00; 

500 .00 ; 

4C0.00; 

400 .00 ; 

400 .00 ; 

Bco.oo; 
500,00; 

400.00; 

500.00; 

bis(2-eth 

ylhexyl) 

phthalate 

ppb 

400.000 

400.000 

500.OOO 

400.00< 

500.00< 

400.000 

400.OOO 

400.OOO 

400.00! 

400.OOO 

400.00< 

400.00< 

400.000 

400.000 

400.00; 

500.000 

400.000 

500.00; 

400.00; 

soc.oe; 
540.OOR 

740.OCR 

400.oe; 
400.00; 

500 .00 ; 

400.00; 

400.00; 

400,00; 

2000.00; 

SOO.OO; 

400,oo; 
500.00; 

4-BroBoph 

eny l -phen 

y l e ther 

ppb 

4CO,00< 

400,OOO 

500,00< 

400,000 

SOC.OOO 

400.00< 

400.OOO 

400.00 ! 

400.OOO 

400.00 ; 

4C0.00< 

400.000 

400.000 

400.000 

400.00< 

500.00< 

400.OOO 

500.000 

400.000 

soo.oo; 
400.OOO 

400.oc; 
400.000 

400 .00 ! 

500.00; 

400.00; 

400.00; 

400.00; 

2000,coo 

500.00; 

400,oe; 
500.oc; 

Buty l 

benzyl 

p h t h a l a t e 

ppb 

400,00; 

400,000 

500,000 

400,000 

500 .00 ; 

400.OOO 

400.OOO 

400.OOO 

400.OOO 

400.OOO 

400.000 

400.000 

400.00! 

400.000 

400.OOO 

500.OOO 

400.00 ; 

500 .00 ; 

400 .00 ; 

500,00< 

400,00; 

4co,oo; 
400,00< 

400 ,00 ; 

500,00; 

400,oo; 
400.00 ; 

400 ,00 ; 

2000,00; 

500,oc; 
400.00; 

500,00; 

4 -Ch loro 

a n i l i n e 

ppb 

400,eo; 
400,00! 

500 ,00 ; 

400,00; 

500.OOO 

400.000 

400 .00 ; 

400.0C< 

400,oo; 
400,00; 

400 ,00 ; 

400,oo; 
400.000 

400.000 

400 .00 ; 

sco.oo; 
400.00; 

soo.oo; 
400.00; 

sco.oo; 
4C0.00; 

400.00; 

4CC.00; 

400.00; 

500.00'. 

400.00; 

400.CO; 

400.00; 

fcoo.oo; 
500.00; 

400,00! 

IW.W. 

2-Ch loro 

naphth lne 

ppb 

400.00 ; 

400 .00 ; 

500 .00 ; 

400 .00 ! 

SCO.OO! 

400.00< 

400 .00 ; 

400.000 

400 .00 ; 

400.00< 

400 .00 ; 

400.OC! 

400 .00 ; 

400.00; 

400.00; 

500 .00 ; 

400 .00 ; 

500 .00 ! 

400 .00 ; 

soo.oo; 
400 .00 ! 

400.00; 

400 .00 ; 

400.00; 

500 .00 ; 

400.00; 

400 .00 ; 

400.00; 

£00.000 

500 .00 ; 

400 .00 ; 

500.CO; 

4-Chlorop 

henyl phe 

ny l e ther 

ppb 

400.00; 

400.00; 

500.OOO 

400.00< 

500.000 

400.000 

400 .00 ; 

400.00< 

400.000 

400.000 

400.000 

400.OOO 

400.coo 
400.00; 

400,00-; 

500 ,00 ; 

400,000 

500,00< 

400,oo; 
500,oo; 
400,oc; 
400.00; 

4CC.0C; 

4CC.00; 

500.cc; 
400.00; 

40O.0C; 

400.00; 

2000.00; 

500.00; 

400.00! 

300.oc; 

Chrysene 

ppb 

400.00; 

400 .00 ! 

2640.00 

400.OOO 

500.000 

400.OOO 

400.OOO 

2210.00 

400.OOO 

400.OOO 

400.coo 
4OO.OO0 

400.000 

400.000 

400.OOO 

500 .00 ; 

400.000 

500.OOO 

400.OOO 

500.000 

400.coo 
400.00 ; 

400.OOO 

400.00-; 

500 .00 ; 

4CO,oo; 
400,oo; 
4ou,oo; 

3iOC,00 
500,OfK 
400,oo; 
500,co; 

Dibenzo 

la,h) 

anthracne 

ppb 

400,00< 

400.00; 

500.00! 

400.00; 

500.00< 

400.00; 

400.00; 

400.00; 

400.000 

400.00; 

400.00; 

400.00; 

400.00; 

400.00; 

400.OOO 

500.00; 

4OO.OO0 

500.00< 

400.0C; 

soo.oo; 
400.00; 

400.00; 

400.00; 

400.00; 

sco.oc; 
400.00; 

400 .00 ; 

400.oc; 
. 20C0.0C; 

500.00; 

400.oo; 
500.00 ; 

Dibenzo 

fu ran 

ppb 

400.00; 

400.00; 

500 .00 ; 

400.000 

500.000 

400.C0< 

400.OC! 

400.00; 

400.C0< 

400.00; 

400.00! 

400.000 

400.00; 

400.00; 

400.0C< 

500 ,00 ; 

400,00; 

500 ,00 ; 

400,oc; 
500,00-! 

400,00; 

400,00; 

400,oc; 
400,00; 

500.00; 

400.00; 

400.00! 

400.oc; 
800.00 ! 

500,OD; 

400.oc; 
500,00; 

1,2-
D ic lo ro 

benzene 

ppb 

400,000 

400,00! 

500,0C< 

400.000 

500,OOO 

400.OOO 

400.000 

4CO.OO0 

400.000 

400.COO 

400.00< 

400.000 

400.000 

400.OOO 

400.000 

500.00< 

400.OON 

500.OOH 

400.00! 

500.00! 

400.000 

100.oc; 
400.00; 

400.00; 

soo.oo; 
400.0c; 

400.00; 

.100..)o; 

SCO.OO; 

500.00; 

400,oc; 
500,oc; 



KASINE SEDIHENT BAMPLES - (BASE HEUTRALB) 

Sta Id Ar.I Event 

MSO-18-1 TDT ROUND-1 

MEO-16-2 TOT ROUND-1 

HBO-ie-3 TQT ROUND-1 

HSD-19-1 TOT RQUND-1 
MBQ-19-2 TOT ROUND-1 

HSO-20-1 TOT R3UND-1 

HSQ-20-2 TOT RQUND-1 

HSO-21-1 TOT ROUKD-1 

HSQ-21-2 TQT RQUKD-1 

HSQ-21-3 TOT RQUND-1 

HSO-22-1 TOT ROUKD-1 

MEO-22-2 TOT ROUND-1 

HEO-22-3 TOT ROUND-1 

nSC6-0MS TOT RDUND-1 

MS07-6KS TOT RQUHD-l 

HS07-7MS TOT ROUHD-1 

REP-1 TOT ROUND-1 

REP-2 TOT ROUND-1 

REP-3 TOT RDUHD-1 

REP-4 TOT RQUKO-1 

b i 5 (2 - ch l 

o roe thy l ) 

ether 
ppb 

800.000 

500.OOO 

400.00< 

600.OOO 

500.000 

500.000 

500.00< 

500.000 

600.OOO 

600.000 
500.00! 

ICOO.000 

500.OOO 

330.000 

330.00< 

330.00; 

400.OOO 

400.000 

500.000 

400.00; 

b i 5 {2 - ch i 

oro isopro 

pyDether 
ppb 

600.00; 

soo.oo; 
400.00! 
600.000 

500.OOO 

5OO.OO0 

500.COO 

500.000 

600.OOO 

600.0C< 

500.000 

1000.00; 

500.00! 

330.OOO 

330.00; 

330.00; 

400.00; 

400.00< 

500.00; 

400.00; 

b i3 (2 -e th 

y l hexy i ) 

ph tha la te 
ppb 

800.00; 

500.00! 

400.00; 

600.0C< 
soo.oo; 
500.00; 

500.00! 

sco.oc; 
6CO.O0! 

600.000 

500,00; 

lOOO.COO 

500.00! 

330.coo 
330.00; 

330. OOO 

400.00! 

4CO.OO0 
sco.oo; 
400.00; 

4-Bro!3oph 

enyl-phen 

y l ether 

ppb 

BCO.OO! 

500.000 

400.00< 

600.OOO 
sco.oc; 
500.GOO 

500.00; 

500.00; 

600.000 

600.OOO 

500.000 

1000.000 

sco.oo; 
330.00; 

330.0.00 

330.0C< 

400.00; 

400.00; 

500.00; 

400.0c; 

Buty l 

benzyl 

ph tha la te 
ppb 

800.eo< 
500,00! 

400.00; 

600.000 

soo.oo; 
500.00! 

500.C0< 

500.00< 

600.OOO 

600.00; 

500. OOO 

1000.oo; 

500.OOO 

330.00; 

330.000 

330.00; 

400.00! 

400.00; 

500.000 

400.CO! 

4-ChlotD 

a n i l i n e 

ppb 

8C0.0D! 

soo.oo; 
400.00; 

600.00! 

500.00; 

500.0C-; 

sco.oo; 
500.00; 

600.00; 

600.00! 

500.00< 

1 (.00. OOO 

500.00! 

330.00< 

330.00; 

330.0C< 

400.00; 

4C0.00; 

sco.oo; 
400.00; 

2-C.hloro 

naphth l re 
ppb 

BOO.OO; 

500.000 

400.000 
600.00! 
SCO.OO! 

500.00! 

500.000 

sco.oc; 
600.00; 

6C0.00! 

500.000 

loco.oc; 
500.00! 

330.oo; 
33C.OO0 

330.000 

400.00; 

400.00! 

500.00; 

400.00; 

4-Chlorop 

henyl phe 

ny l ether 
ppb 

800.00! 

500.000 

400.00< 
600.OOO 

500.00; 

500.000 

500.000 

5-00.00! 

600.00;' 

600.00! 

500.00! 

lOCO.OO! 

500.00< 

330.000 

330.00< 

330.00; 

400.00< 

400.C0; 

500.OC! 

4CO.CO0 

Chrysene 

ppb 

2550.00 

500.000 
400.00; 

. 600.00; 

sco.oo; 
500.000 

scc.oo; 
,2070.00 

600.ooo 
6CO.(iO0 
5C0.00< 

lOOO.OOO 

500.000 

330.00-! 

330.00; 

330.OOO 

400.00; 

400.00! 

500.00< 

400.000 

Dibenzo 

(a,h) 

anthracne 
ppb 

BOO.OO! 

500.OOO 

40C.00; 
600.CO! 

500.000 

SCO.OO! 

soo.oo; 
500.GO; 
6CO.OC0 

600.coo 
500.00; 

lOOO.OOO 

500.00! 

330.00; 

330.coo 
330.000 

400.00; 

400.00; 

500.000 

400.00; 

[ i b e n i o 

furan 
pf.b 

BOO.OO; 

500.CO! 

400.00; 
.600.00; 

500.00; 

500.00; 

500.00! 

soc.oe; 
400.000 

600.00; 

500.00! 

ICOO.OOO 

500.00! 

330.00; 

330.00; 

330.00; 

4CC.0O; 

400.oc; 
500.00! 

400.00! 

t , 2 -
C i c l o ro 

benzene 
ppb 

800.00! 

5CO.OC0 

400.000 
600.00! 

500.COO 

500.00; 

5CC.D0< 

500.oc; 
600.OC! 

6co.oe< 
500.00; 

lOOO.OOO 

500.00; 

330.00; 

330.0C-; 

330.00; 

400.0C< 

400.oc; 
500.00< 

400.00; 



Paraaetrix Inc. -- Environaental Data Systea 
HARIHE SEDIMENT SAHPLES - (BASE NEUTRALS) 

Sta Id Anl Event 

HEIH-10 TOT ROUND-1 

HETHOD-1 TOT ROUHD-1 

HETHDD-7 TOT RDUHD-1 
HETHOD-8 TOT ROUND-1 

METHOD-9 TOT ROUND-1 
HS17-1DP TOT RQUHD-1 

hS17-lHS TDT ROUND-I 

HS6-0MSD TOT ROUND-1 

HS7-6MSD TOT ROUND-1 

HS7-7MSD TOT ROUND-1 

HSO-O-l TOT ROUHD-1 

HSD-0-2 TOT ROUHD-1 

HEO-0-3 TOT ROUND-1 

HSO-01-1 TOT ROUHD-1 

HSO-02-1 TOT ROUND-1 

HSO-02-2 TDT ROUND-1 

HSO-02-3 TDT RQUND-1 

HSD-03-1 TOT ROUHD-1 

MEQ-03-2 TQT RDUND-1 

MSO-03-3 TQT ROUND-1 

HEO-04-0 TOT RDUHD-1 
HSD-04-1 TDT ROUHD-1 

HSO-04-2 TOT RQUHD-1 

HSO-04-3 TOT RDUHD-1 
MEO-05-0 TQT RCUHD-l 

MSO-05-1 TOT RDUND-1 
HED-05-2 TDT FOUHD-1 

MEO-05-3 TOT ROU^.D-1 
HED-et-O TCT RDUND-1 

MEO-06-1 TOT RDLiKD-1 
MBD-06-2 TOT RCUND-1 

HEO-06-3 TGT RDUKD-1 

1,3-

D i c h l o r o 

benzene 

ppb 

330.000 

170.00< 

330.000 

330.000 

330.OOO 

660.000 

660.000 

330.00< 

3 3 0 . 0 0 ; 

400.00 

300.OOO 

400,OOO 

400.000 

400.00< 

400 .00 ! 

soo.oo; 
400.00< 

600.ooo 
400.000 

400.OON 

500.OON 
400 .00 ; 

400.OON 

5 0 0 . 0 0 ; 

500.00< 

400.oe; 
400.co; 
400,oo; 
600.00; 

400.00! 

400.00; 

400.00; 

1,4-

Dichloro 

benzene 

ppb 

330.OOO 

170.000 

330.00< 

330.000 

330.00< 

1200.00 

1200.00 

1330.00 

1160.00 

1300.00 

300.000 

400.00! 

400.00< 

400.OOO 

400.000 
500.00; 

400.00; 

600.OOO 

400. OOO 

400.OON 

500.OON 
400.00; 

400,OON 
500,oo; 
500,oo; 
400,oo; 
400,oo; 
400.00; 
600.00; 
400.00; 
400,oo; 
400.00; 

3 , 3 -

Di chloro 

benzidine 

ppb 

670.OOO 
330.000 

670.00! . 

670.OOO 
670.000 

1300.000 

1300.000 

66O.OO0 

670.000 

670.00< 

700.000 

900.00; 

BOO.OOO 

700.00< 

BCO.oo; 
locc .oo ; 
900.000 

looo.oo; 
900.00! 

900.OCN 

looo.oo; 
700 .00 ; 

800.OON 

l oco .co ; 
900.00! 
700.co; 
700 ,00 ; 

300 .00 ; 
looG.oo; 
700.00! 

800.e t ; 
BCO.oo; 

Diethyl 

phthalate 

ppb 

330.00; 

170.00; 

330.OOO 

330.00< 

330.000 
660.000 

660.000 

330.000 

330.00! 

330,00; 

300,000 

400.000 

400.000 

400.00; 

400.000 

500.000 

400.000 

7090.OON 

400,OOO 

400.OON 

500.00! 

400.00; 

400.OCN 
SOC.OOO 
sco.oc; 
400.OC; 
400 .00 ; 
400 .00 ; 

600,00< 

400,oo; 
400 ,00 ; 
400,oc; 

Diiethyl 

phthalate 

ppb 

330.OOO 

17O.OO0 

330.000 

330.000 
330.OOO 

660.000 

660.00< 

330.00< 
330.OOO 

330.00< 

300.000 

400.OOO 

400.OOO 

400.oo; 
400.00< 

500.OOO 

400.00< 

600.00N 
400. OX 

400.OOH 
500.000 

400 .00 ; 

400.OON 

soo.oo; 
soo.oo; 
400.0C< 

400 .00 ; 
400.eo; 
600 .00 ; 

400 .00 ; 

400,co; 
4C0.0C; 

Di-n-

Butyl 

phthalate 

ppb 

330,00; 

170.00; 

330.000 

330.OOO 

330.COO 

660.OOO 

660.0C< 

330.00; 

330.00; 

330.00; 

300.00; 

400.00! 

400.00; 

400.000 

400.oe; 
soo.oo; 
400.COH 

600.00; 

400.COH 

400.OOH 

500.OCH 
400.00; 

400.COH 

500.00i 

500.00; 
400,wo; 

400.00; 

4 CCC); 

6C0.00; 

4C0,0C; 

400.00; 

400.00; 

2,4-

Dini t ro 

toluene 

ppb 

330,00; 

170,00; 

. 330,00! 
330,00! 

330,OOO 

1200.00 

1200.00 

1530.00 

1160.00 

1500.00 

300.00! 

400.00; 

400.00; 

400.00; 

400.00! 

soo.eo; 
400 .00 ; 

600.OON 

400 .00 ; 

400.OON 

sco.oo; 
400 .00 ; 

400.OON 

sco.oc; 
500 .00 ; 

400 .00 ; 
400 .00 ; 

400 .00 ; 
600 .00 ; 

400,oo; 
400,oc; 
400,oc; 

2 ,6-
D i n i t r o 

t o l uene 

ppb 

330 .00 ; 

170.0C< 

330.00< 

330.00< 
330.000 

660.OOO 

660.0()< 

330.000 

330.000 

3 3 0 , 0 0 ; 

300,000 

400,000 

400.00< 

400.OOO 

400.OOO 

SCO.OOO 

400 .00 ; 

600.OON 

400 .00 ; 

400.OCN 

500.00< 

400 .00 ; 

400.OOM 

500,0C< 

soo.oo; 
400 .00 ; 
400,oc; 
400 ,00 ; 

600 ,00 ; 

400,oo; 
400,oc; 
4Go,eo; 

Di-n-

Qclyl 

Phthalate 

ppb 

330.000 

170.000 

330.00< 

330. (i0< 

330.000 

660.00< 

660.000 

• 330.OOO 

330.OOO 

330.OOO 

300.OOO 

400.000 

400.OOO 

400.00< 

400.00; 

500.00< 

400.000 

600.OOO 

400.OOO 

400.OON 

500.OOO 

400.00; 

400.OCN 

SCO.OOO 

500.00< 

400.00< 
400.oe; 
4C0.CO; 

600.00; 

400.00; 

400.00! 

4C0.00; 

Fluor 

anthene 

ppb 

330.00; 

17O.OO0 

330.OOO 

330.OOO 

330.00; 
960.00 

1100.CO 

370.00 

330.OOO 

330.00< 

300.00; 

400.OOO 

400.OOO 

400.00< 

400.00; 

soo.oo; 
400.OCN 

600.0C< 

400.OON 

400.OON 

2720.OOJ 

400.00; 

400.OON 

500.00! 
500.00< 

400.00; 
400.eo; 
400 .00 ; 

600 .00 ! 

400.or ; 
400.00; 

4CC.0C; 

Fluorene 

ppb 

330.OOO 

170.00! 

330.00-! 

330.00; 

330.000 

660.00; 

660.000 

330.000 

330.00; 

330.00! 

300.oc; 

400.oc; 

400,00; 

400,000 

400,000 

500,00; 

400,00; 

600,OOH 

400.00; 

40G,OON 

soo.oo; 

400.00; 

400.OCM 

500.000 

500.00; 

400.CC; 
400.00; 

400.00; 

600.co; 
400.oc; 
400.00; 
400.OC; 

Hexa 

c h l o r o 

benzene 

ppb 

330.00< 

17C.00< 

330.00< 

330.000 
330.OOO 

660.OOO 

660.000 

330.000 

330.OOO 

330.000 

300.OOO 

400.OOO 

400.OOO 

400 .00 ; 

400 .00 ; 

500.000 

400.OON 

600.00-; 

400.OON 

400.CON 

500.OCN 

400 .00 ; 

400,OON 

500.OOO 

500,co; 
400 ,00 ! 
400,oo; 
400 .00 ; 

400.co; 
400,oo; 
400.00! 
400.OOO 



P a r a a e t r i x I n c . - - Env i ronaen ta l D̂  

MARINE SEDIMENT SAMPLES 

Sta Id Anl Event 

MBO-06-4 TOT ROUND-1 

HSO-07-1 TOT ROUND-1 

HSO-07-2 TOT ROUHD-1 

HS0-C7-3 TOT ROUND-1 

HSD-07-4 TOT RDUND-1 

MSO-07-5 TOT ROUHD-1 

HBO-07-6 TOT ROUND-1 

HSO-07-7 TOT ROUND-1 

HSO-08-1 TOT ROUND-1 

MSO-OB-2 TOT ROUND-1 

HSD-06-3 TOT RDUHD-1 

MSO-OB-4 TOT ROUND-1 

HSO-09-1 TOT ROUND-I 

MSO-09-2 TDT ROUND-1 

HEO-09-3 TOT ROUHD-1 

HS0-e9-4 TOT ROUND-1 

HBO-09-5 TOT ROUND-1 

MSO-09-6 TOT ROUND-1 

HBO-09-7 TOT ROUND-1 

HSO-09-8 TOT ROUND-1 

MSO-10-0 TOT ROUND-1 

HSO-10-1 TDT ROUND-1 

MSD-10-2 TOT ROUND-1 

MSQ-10-3 TOT ROUND-1 

MSO-10-4 TDT ROUHD-1 

MED-11-1 TDT ROUND-1 

HSO-11-2 TOT ROUHD-1 

HSO-11-3 TCT ROUHD-1 

HSO-11-4 TOT ROUHD-1 

KSO-11-5 TOT ROUND-1 

MSO-11-6 TQT RQUHD-1 

HSO-D-7 TOT ROUHM 

ta Svstea 

- (BASE NEUTRALS) 

1,3-

D i c h l o r o 

benzene 

ppb 

400.OOO 

300.OOO 

400 .00 ! 

400.OOO 

400.000 

400.000 

400.OOO 

400.OON 

500 .00 ; 

400.00< 

500.OOO 

400.000 

BOO.OOO 

400 .00 ; 

500.OON 

500.00< 

400.00< 

400.OOO 

400.OOO 

400.000 

500.00< 

soo.oo; 
400.OCN 

400.000 

2000.000 

400.000 

400.000 

400.00< 

500.00! 

400.00; 

500.000 

400.OOO 

1,4-

Dichloro 

benzene 

ppb 

400,00; 

300.OOO 

400.000 
400.00; 

400.00! 

400.00< 

400.00; 

400.OON 

500.OOO 

400.OOO 

500.00! 

400.OOO 

800.000 

400.000 

500.OON 

500.00; 

400.000 

400.00; 

400.00< 

400.00< 

500.00! 

500.00< 

400.OON 

400.COO 

2000.-OOO 

400.00; 

400.00< 

400.00; 

500.00; 

400.000 

500.00; 

400.00; 

3 ,3 ' -

Dichloro 

benzidine 

ppb 

BOO.OO; 

700 .00 ; 

700 .00 ; 

800 .00 ; 

900.00< 

800.000 

900.00< 

900.000 

9OO.OO0 

BOO.OO; 

900 .00 ; 

900.000 

2000.OOO 

800.oe< 
looo.oo; 
900.00 ! 

BCO.oo; 
800.00< 

800 .00 ! 

800.00; 

1000.00! 

looc.eo;' 
BOO.CON 

800.00 ! 

4000.00< 

.900.00; 

BOO.00! 

BCO.oo; 
900.ec; 
900.00; 
900.00'; 
900.00; 

D i e t h y l 

p h t h a l a t e 

ppb 

400.00< 

300.OOO 

400.000 
400 .00 ; 

4CO.OO0 

4CO,00< 

400 .00 ; 

490.OOJ 

3570,00 

400,oo; 
500 .00 ; 

400 .00 ! 

800 .00 ; 

400.00 ! 

500.00< 

500.0C< 

400.00 ; 

400 .00 ; 

4C0.00; 

400 .00 ; 

SCO.OOO 

500 .00 ; 

400. OON" 

400.00; 

2000.00 ; 

400 .00 ; 

400 .00 ! 

400.00; 

500 .00 ; 

400,oo; 
500.OC; 

400 .00 ; 

D i o e t h y l 

p h t h a l a t e 

ppb 

400.000 

300.oo; 
400.000 

400.ooo 
400.000 

400.OOO 

400.OOO 

400.00< 

500.000 

400 .00 ; 

500.OOO 

400.OOO 

BOO.OOO 

400.00< 

500.00! 

SCO.OC! 

400.00; 

400.000 

400.OOO 

400.OOO 

500.OOO 

SCO.OO! 

400.ODN 

400.000 

2000.00< 

4CO.OO0 

400.00; 

400.00! 

500.00; 

400.00; 

500,Op< 

400.00; 

Di-n-

Butyl 

phthalate 

ppb 

400.00; 

300.00; 

400.00! 

400.00; 

400.00! 

400.000 

400.090 

400.00; 

500.oe< 
400.OOO 

500.000 

400 .00 ; 

800.OOO 

400.000 

500.000 

500.coo 
400 .00 ; 

400.OOO 

400.oc; 
400.00 ; 

500.OOO 

500.OOO 

400.OON 

400 .00 ! 

2000.00 ; 

400 .00 ; 

400 .00 ; 

400.00 ; 

500 ,00 ; 

400 .00 ! 

500.00 ; 

400 .00 ! 

2 , 4 -

D i n i t r o 

t o l uene 

ppb 

400 .00 ! 

300.00< 

400 .00 ! 

400.000 

400.000 

400.OOO 

400.OOO 

400.00< 

SOC.OOO 

400.000 

500.00< 

400.000 

800.OOO 

400.OOO 

soo.oo; 
500.OOO 

400 .00 ; 

400.000 

400.000 

400 ,00 ! 

SCO,coo 
500,00< 

400,OCN 

400 ,00 ; 

2000,000 

400 ,00 ; 

400 ,oo ; 

400 ,GO; 

5 0 0 . 0 0 ; 

400 ,00 ; 

5co,oo; 
400.00; 

2 , 6 -

D i n i t r o 

to luene 

ppb 

400.000 

300.00 ; 

400.000 
400.00 ; 

400.00 ! 

400.OOO 

400.00-! 

400.OOO 

500.OOO 

400.OOO 

500 .00 ! 

400.00< 

BOO.OO; 

400.OOO 

500.00< 

500.000 

400.OOO 

400.00< 

400.OOO 

400 .00 ; 

soo.oo; 
500.OOO 

400.COH 

400.00; 

2000.000 

400.00! 

400.000 

400.0C< 

500,00; 

400.00; 

500.00; 

400.00-; 

Di-n-

Octyl 

Phthalate 

ppb 

400.000 

300.00< 

400.000 

400.000 

400.000 

400.000 

400.00< 

400.00< 

500.000 

400.000 

soo.oo; 
400.OOO 

800.000 

400.OOO 

500.OOO 

500.OOO 

400.000 

400.OOO 

400 .00 ! 

400.00 ; 

SCO.OOO 

500 .00 ! 

400.OON 

400.000 

2000.00-! 

400 ,00 ! 

4OC,-0O0 

400,000 

soo.oo; 
400,00; 

500,00! 

400,00! 

Fluor 

antherie 

ppb 

400,0C< 

300.000 

400.00; 

400.0C< 

400.000 

400.OOO 

400.OOO 

400.00; 

SOO.OOO 

400 .00 ! 

500.OOO 

400.OOO 

1850.00 

400 .00 ; 

SOO.OO! 

500.OOO 

400 .00 ; 

400.OOO 

400.000 

400,oc; 
4650.00 

810.00 

400.OON 

400.00 ; 

2000.00< 

560.00 

400.000 

400 .00 ! 

soo.oo; 
400,oe; 
500.00< 

400.0C< 

F luorene 

ppb 

400 .00 ! 

300 .00 ; 

400 .00 ; 

400 .00 ; 

400.OOO 

400 .00 ; 

400.OOO 

400 .00 ! 

sco.oc; 
400.000 

soo.oo; 
400.00< 

800.000 

400.000 

soo.oo; 
500.000 

400.00< 

400..oe< 
400 .00 ; 

400 .00 ; 

500.cc; 
500 .00 ; 

400.CON 

400.00; 

2000.00; 

400.000 

400.000 

400,00; 

500 ,00 ; 

400.09; 

500 .00 ; 

400.00; 

Hexa 

ch l o ro 

benzene 

ppb 

400.OOO 

300.00 ! 

400.00< 
400.OOO 

400.000 

400.00< 

400.00< 

400.000 

500.OOO 

4OO.OO0 

SCO.OOO 

400.00; 

600.OOO 

400.000 

500.00< 

500 .00 ! 

400.OOO 

400.00< 

400.000 

400 .00 ; 

soo.eo; 
sco.oo; 
400.OON 

400 .00 ! 

2000.coo 

400.OOO 

400 .00 ; 

400.OOO 

500 .00 ; 

400,00< 

500,000 

400 .00 ; 



HARINE StDIMEKT SAHPLES - (BASE NEUTRALS) 

Sta Id Anl Event 

HSQ-l l -B TOT ROUND-1 

HEO-U-9 TOT RCUKD-1 

MSO-12-1 TOT RQUND-1 

H3D-12-2 TOT ROUHD-1 

HSO-12-3 TOT RGUHD-1 

HEQ-12-4 TQT RQUND-1 

(',30-12-5 TQT ROUND-1 

HEO-13-1 TOT RDU.NO-1 

HSO-13-2 TOT RQUKD-1 

HSQ-13-3 TOT ROU?iD-l 
MEO-13-4 TQT RCUND-1 

M30-13-S TOT RDUHD-1 

ME3-13-6 TOT RDUND-1 

M3D-13-7 TOT RQUND-1 

MEO-13-8 TQT F:3UKD-1 

HEO-14-1 TOT ROliND-1 

MSO-14-2 TCT ROUNC-1 

HSO-14-3 TOT ROUHD-l 

M30-14-4 TOT ROUriO-l 

M3D-14-5 TDT RGUND-1 

KS3-15-2 TOT RCUND-1 
MSQ-15-3 TDT RDlND-l 
HSO-15-4 TDT RDUHD-l 

HEQ-15-5 TCT RQUND-1 
MSQ-16-1 TGT RGUHM 

MEO-lt-2 TCT F'JUHD-1 

llSQ-16-3 T£T f:OL:;^D-l 
MEO-16-4 TGT f.CuND-i 
KSC-17-1 TGT f,CUNJ-l 

KSO-17-2 TGT RGLHD-i 

MED-17-3 TGT RDUi'iD-1 
M3C-17-4 TGT ROL'KD-; 

1,3-

D i c h l c r o 

benzene 

ppb 

400.000 

400.00< 

500.000 

400 .00 ; 

500.000 

400 .00 ! 

400.OOO 

400.00; 

400.00< 

400 .00 ; 

400 .00 ; 

400.000 

400 .00 ; 

400.00; 

400.OOO 
500.00; 

400 .00 ; 

SCO.OON 
400.000 

soo.oo; 

400.00; 
400 .co ; 
400,00; 

400.00; 

soo .eo ; 
400.00; 

400.00; 

400. ivo; 
800.eo; 
50:1.00; 

400.00; 
500,00; 

1,4-

D i c h l o r o 

benzene 

ppb 

400.OOO 

400.00-! 

500.000 

400.00! 

500.000 

400 .00 ! 

400.000 

400,00< 

400.000 

400.000 

400.COO 

400.OOO 

400.00! 

4CO.OO0 

400.00; 

SOC.OOO 
400.00; 

500.OCN 

400.00! 

500.00; 

400.000 

400.00! 
400 .cc ; 

400.00! 

500.00! 

400.00; 

400.00-; 
400.00; 
GOO.00; 

500.00; 

400.oo; 
500.00; 

3 . 3 ' -

D i c h l o r o 

benz id ine 

ppb 

900.00 ; 

900 .co ; 

lOOO.OOO 

600.00; 

900 .00 ; 

BOO.coo 

900.eo ; 

BOO.CCO 

600.coo 

9C0.OC'< 

BOO.OO! 

800.000 

500 ,00 ; 

900 ,co ; 

900 ,ce ; 

1000,oe; 

900 .oc ; 

900 .00 ; 

900.00; 

soo .oo ; 

900 .00 ; 

800.00 
900 ,cc ; 

300 .00 ; 
jOOC,00! 

200.00; 

vOO.-iC-'. 

900.00; 
T O L O . O O : 

900.00 ; 

700,00! 
SOO..0O-, 

D i e t h y l 

p h t h a l a t e 

ppb 

400,000 

400,000 

500,000 

400,00< 

.500,00- ! 

400 ,00 ; 

400,000 

400 .00 ; 

400.000 
4CO.OO0 

400.00 ; 

400.00< 

400 .00 ; 

40C.OOO 

400.00; 

seo .oc ; 

400 .00 ; 

SCO.OC! 

400.oeo 

SCO.OOO 

400.oo ; 
400 ,00 ; 

400 .cc ; 

400 .oc ; 

51/0. oo ; 

400 .oo ; 

400,00; 

400 ,00 ; 
2o; i0 .co; 

so i i . oo ; 

400 ,00 ; 
500 .00 ; 

D iae thy l 

p h t h a l a t e 
ppb 

400.000 

400.000 

500 .00 ; 

4C0.0D! 

SOO.OO; 

400.000 

400 .co ; 

400 .00 ! 

400.000 

400 .00 ! 

400,000 

400.COO 

400.00 ; 

4C0.00; 

400 .00 ; 

500.000 

400.00 ! 

500.OC! 

400 .00 ; 

soo .eo ; 

400 .00 ; 

400 .00 ; 
400.00; 

400 .co ; 

500 .00 ; 

400.00! 

400 .00 ; 

400.oo; 
800 .oo ; 

sco .oo ; 

400 .00 ! 
soo .oo : 

Di-n-

Butyl 

phthalate 

ppb 

400.oc; 

400.oc; 

500.00; 

570.OCR 

690.OOR 

4co,oo-; 

400.ec; 

400.00! 

400.0c; 

4C0.0C! 

400.00; 

4eo.oo; 

400,oc: 

400.00; 

400,00: 

500.00; 

620,OOR 

770,OCr 

400, ;io; 

500,00; 

760,OOS 

410.0-!;:̂  
400.00; 

400. )c; 

500.00; 
40.1. o ; 

400,00; 
40:^0;;: 

20(0.00-. 
500. Ov; 

4t0,co; 
50(^00; 

2,4-

Dinitro 

toluene 

ppb 

400,00; 

400,00! 

500,OOO 

400,000 

50C,0C-; 

400,00; 

400.00! 

400.00! 

400.OC! 

400.000 

400.00< 

400.00! 

400.00; 

400.00! 

400.00! 

500.00! 

4co.oe; 

500.cc; 

400.00; 

500.00; 

400.00; 

400.00; 
400.00; 

400.0); 

500.00; 

400.00; 

400.00! 

400. Oi;: 
300.00; 

500.00; 

40 i.oo; 
IiOO.OO; 

2,6-

Dini tro 

toluene 

ppb 

400.OOO 

400.00; 

sco.oo; 

400.C0< 

500. :)0-! 

400.000 

•4CO.00; 

400.00; 

400.000 

4C0.900 
400.000 

400.00; 

400.00; 

400.00! 

400.CO! 

500,00; 

400,oo; 

500.000 

400.00; 

soo.oo; 

400.00; 

400.00; 
400.00; 

400.00; 

500.00; 

400,00; 

^:oo.oo; 

400.00; 
BCO.OC-: 
soo.oo; 

4C.1.00-! 
500,00; 

D i - n -

Octy l 

Phtha la te 

ppb 

400,00; 

400,00< 

500,00; 

400,000 

500.00< 

400.00-! 

400.00; 

400.00; 

400.OOO 

400.000 

400.00! 

400.00< 

400.00; 

400.00; 

4Cd.00< 

500.000 

400.00; 

500,OOO 

400.00-! 

500.000 

400.00< 

400.00; 

4!)0.00< 
400.00; 

500.00! 

400.00; 

4co.ec< 
400.00; 

2000.oo; 
500,00; 

400.00; 

5;̂ -;:.C;*-\ 

F luor 

anthene 

ppb 

400.00; 

400.00; 

4640.00 

4C0.00; 

500.00; 

400.00< 

400.000 

1100.00 

400.00! 

400.0C! 

4CO.O0; 

400,00; 

400.00; 

400.00; 

4cc .ee ; 

920.00 

400,00! 

soo.oo; 

400.00! 

500.00! 

400,oo; 

400,oc; 
400.00; 

400,oo; 
500.00; 

400,00; 

400,00^ 

400.00! 
3B0O.0O 

sco .oo ; 

400. ;io; 
500,oo; 

Fluci-er-e 

ppb 

400,00; 

409.00-; 

500,000 

400.00; 

500 ,00 ! 

400.00; 

400.00; 

400.0C< 

4oc .cc ; 

400.00! 

400.000 

40C,C0; 

4co.;'io; 

400.00; 

400,00-; 

500,00; 
400.00; 

see.00; 

400.00; 

500,oo; 

400.oc; 

400.00; 
400,co; 

400,oe; 

500.00; 

400.00; 

400.0?; 
400.00; 

2000.00; 
•iOo.oo: 

40'). co ; 

500.00; 

Hixa 

ch lo ro 

benzene 

ppb 

400.00; 

400,00-! 

5CC,0C! 

4 ) 0 , 0 0 ; 

500,90; 

400,000 
400.00; 

4 t o . c o ; 

4C0.00! 

i c o . o o ; 
400,0C< 

4C0.CG! 

400.oc; 

400.00; 

400,00; 

5f to,oc; 

400.00! 

500.oc; 

400.00! 

500.00; 

400.co; 

4.00.00; 
400.00: 

400.-00: 

500,00! 

4co .cc ; 

400,oc; 

400.00-: 
2000.00; 

500,00; 

400.00! 
500,00! 

http://4cc.ee
http://4oc.cc


MARINE EEDIMENT SAMPLES - (EASE NEUTRALS) 

Sta Id Anl Event 

MSD-lB-1 TDT ROUliD-l 

HSO-16-2 TOT RCUND-1 

HSD-lB-3 TOT ROUND-1 

KSO-19-1 TOT ROUHD-1 

MSQ-19-2 TOT RDUHD-1 

MSD-20-1 TOT ROUND-1 

MSO-20-2 TOT ROUNO-1 

HSO-21-1 TOT RQUND-1 

HSO-21-2 TOT ROUNL-1 

MSO-21-3 TOT ROUHD-1 

HSQ-22-1 TOT ROUND-1 

hBO-22-2 TOT ROUND-1 

HBO-22-3 TOT ROUND-1 

HSQ6-0MS TOT RDUND-l 

MB07-6;iS TOT RCU.'JD-l 

MS07-7HS TOT ROUKD-l 

REP-1 TOT ROUND-1 

REP-2 TOT ROUND-1 

REP-3 TOT ROUND-1 

REP-4 TQT ROUND-! 

1,3-

D ich lo ro 

benzene 
ppb 

800,00; 

500.00! 

400.00< 

600.00< 

500.00; 

500.000 

500.00! 

500.00! 

600.00< 

6CO.OO0 

500.OOO 

1000.00! 

500.00! 

330.00; 

330,00< 

330.000 

400.00; 

400.00! 

500.00< 

400.00; 

1,4-

D ich lo ro 
benzene 

ppb 

BOO.OO; 

soo.oo; 
400.00; 

600.00; 

500.00; 

500.00; 

500.00; 

soo.oo; 
600.00; 

600.00; 

500.00< 

looo.oo; 
500.000 

1190.00 

1460.00 

1260.00 

400.00; 

400.00; 

soo.oo; 
400,00; 

3 ,3 ' -

Dichlcro 

benzidine 
ppb 

2C00,0C; 

900,000 

9C0.00! 

1000,00; 

900,oc; 
900,00; 

900.00; 

looo.oo; 
looo.oo; 
lOOO.OOO 

lOOO.OOO 

2000.00; 

1000.00; 

660.00 

660.C0< 

660.00; 

700.OOO 

900.00; 

900.000 

700.00; 

D ie thy l 

pr.thalate 
ppb 

BOO.OC; 

500.00; 

400.00! 

400.00; 

soc.co; 
500.00; 

500.0c; 

500.00; 

600.000 

600.00! 
sco.oo; 

1000.000 

500.oeo 
330.00; 

330.00; 

330.00; 

400.00; 

400,00; 

500,00! 

400,0C< 

Diaethyl 

phthalate 
ppb 

BCO.oo; 
soo.oo; 
400.00; 

600.00< 

500.00-^ 

500.00; 

500.00! 

500.00; 

600.OOO 

600.00< 

soo.oo; 
lOOO.OOO 

500.000 

330.00; 

330.000 

330.00; 

400.00; 

400.00! 

500.00! 

400.00; 

Di-n-

fcuLyi 

phthalate 

ppb 

BCO.oo; 
500.00; 

400.00< 

600.00; 

soo.oo; 
SOC.OOO 

500.000 

500,oeo 
600,00< 

600,00! 

500.00; 

1000.00; 

500.OOO 

330.00-; 

330.000 

330.00! 

400.0c; 

400.00-:; 

see.CO; 
400.00-; 

2,4-
Dinitro 
toluene 

ppb 

BCO.oo; 
sco.oc; 
400.0C< 

600.00; 

500.00; 

sco.oo; 
sco.oo; 
500.00; 

400.00; 

600.00; 

soo.oo; 
1000.00; 

500.00; 

1310.00 

1230.00 

1230.00 

400.00; 

400.00; 

500.ec; 
400.00; 

2,6-

Dini t ro 

toluene 
ppb 

BOO.OO; 

sco.oc; 
400.000 

400,00; 

500,00; 

soc.oe; 
500.000 

500.00! 

600.00; 

600.OOO 

500.OOO 

1000.000 

SCO.000 

330.000 

330.00; 

330.eo; 
400.000 

400.03; 

SCO.OO! 

400.00; 

Di-n-

Octyl 

Phthalate 
ppb 

BCO.oo; 
500.00; 

400.ooo 
600.00; 
500.OOO 

500.OOO 

500.OOO 

500.000 

600.000 

600,OOO 

500,000 

1000,00; 

500,00; 

310,000 

330,000 

330.00< 

400.OOO 

400.00; 

500.00; 

400.00; 

Fiaor 

anthene 
ppb 

2B70.0C 

500.00; 

400.00; 

600.00; 

500.cc; 
SOC.OC! 

SOO.COO 

3100.00 

600.00! 

600.000 

570.00 

1100.00 

500.00; 

890.00 

330.000 

330.000 

400.000 

400.00; 

500,000 

400.00; 

FluOfcre 
ppb 

£00.OD; 
500.00; 

400.000 

600,00! 
500,00; 

500,00! 

500,oc; 
5C0,00< 

600.00; 

6co,oo; 
500.00; 

l oocco ; 
500,00! 

330,00; 

330 ,0^ ; 

330.00; 

400.OOO 

4C0.00< 

soo.oo; 
400. ; !0 ; 

He:; a 

c'njoro 

benzene 
ppb 

BOO.OC; 

500.C0< 

400.00! 

600.000 
500.00; 

500.00; 

500.00! 

500,0'O; 

600,OOO 

600,000 

500,00! 

1000,00; 

sco.oo; 
330.00-; 

330.00! 

330.00; 

400.00< 

400,00; 

500.000 

400.00! 



Paraaetrix Inc. — Environaental Data Svsteii 
HARINE SEDIHENT SAHPLES - (BABE NEUTRALS) 

Sta Id Anl Event 

HETH-10 TOT RDUND-1 
METHDD-1 TDT ROUKD-1 
HETHOD-7 TOT ROUNC-1 
HETHOD-8 TOT RDUND-1 
HETHDD-9 TOT RDUND-1 
HS17-1DP TOT ROUND-1 
HS17-1MS TOT ROUWD-1 
HS6-0MSD TOT ROUND-1 
HE7-6MSD TDT ROUHD-1 
HS7-7HED TQT RQUHD-1 
H3D-0-1 TOT RCUHD-1 
MED-0-2 TOT RDUKE-1 
MEO-0-3 TDT RQUND-1 
MEO-01-1 TQT ROUND-1 
HBD-02-1 TDT RDUND-1 
HSQ-02-2 TOT ROUND-1 
MEO-02-3 TOT ROUND-1 
MEO-03-1 TQT RQUHD-1 
MSO-03-2 TOT RDUND-1 
MSO-03-3 TQT ROUHD-1 
M50-04-0 TOT ROUND-1 
HEO-04-1 TOT ROUND-1 
HSQ-04-2 TOT ROUND-1 
HSO-04-3 TOT RQUHD-1 
HEO-05-0 TOT ROUND-1 
HSD-05-1 TOT ROUHD-1 
HEO-05-2 TOT ROUHD-1 
HED-OS-3 TOT ROUi-iD-1 
HSO-06-0 TDT RCUHD-1 
HE0-06-1 TOT ROCHD-1 
HEO-06-2 TCT ROUND-l 
HS0-06-3 TOT ROUND-1 

Hexa 
chloro 

butadiene 
ppb 

330.00! 
170.OOO 
330.000 
330.000 
330.OOO 
660,OOO 
660.00< 
330.000 
330.000 
330,000 
300,000 
400,000 
400,00< 
400,000 
400,OOO 
500.eo< 
400,00< 
600,OON 
400,00! 
400.OON 
500.OCN 
400.00; 
400.OON 
soo.oo; 
500.000 
400.00; 
400.00; 
400.0c; 
600.00! 
4co,oo; 
400,00< 
400,oo; 

Kexachlor 
ocyclopen 

tadiene 
ppb 

330.00! 
170.00< 
330.00< 
330.00! 
330.OOO 
660.00; 
660.00! 
330.00! 
330.00! 
330.000 
300.00! 
400.OOO 
400.000 
400.000 
400.000 
500.COO 
400.000 
600,OCN 
400.00; 
4CC.C0rl 
500.00-; 
400.00; 
400.OON 
500.00! 
•500.00; 
4C0.00; 
4'Oc.oo; 
400,oo; 
600.00; 
400,cc; 
400.00; 
4ce.oo; 

Ke^a 
chloro 
ethane 

ppb 

330.000 
170.000 
330.000 
330.00< 
330.00! 
660.000 
660.OOO 
330.000 
330. OC! 
330.00< 
300.00; 
400.00! 
400,000 
400,00-; 
400,000 
500,000 
400,000 
600,oo; 
400.00; 
400.OON 
500.CON 
400.00; 
400.OCN 
soo.oo; 
soo.eo; 
400.co; 
400.00; 
400.00; 
400.00; 
400,oo; 
400.00; 
400,oe; 

Indeno 
(1,2,3-Ld 

Pyrene 
ppb 

330.ooo 
170.00! 
330.000 
330.00< 
330.00! 
660.00; 
660.OOO 
330.00; 
330.00; 
330.OOO 
3C0.00< 
4CO,CO0 
400,OOO 
400,000 
400,000 
500,000 
400.oc; 
400,00{ 
4CC.OC0 
400,OON 
500.00< 
100,oc; 
400,OON 
500,eo; 
500,00; 
400,00; 
400.00; 
400,oo; 
600.oo; 
400.00; 
400,00; 
ICO.OO! 

Iso 
phorone 

ppb 

330.000 
170.00< 
330.000 
330.000 
33O.O00 
660.C0< 
660.000 
330.OOO 
33O.OO0 
330.000 
300,000 
400.00-; 
400.00; 
400,00; 
400,00-; 
500,OOO 
400.000 
600.OON 
400.00; 
400.OON 
500.OCN 
400,oo; 
400.OCN 
sco.oo; 
soo.oo; 
400.00; 
40c,oc; 
400,00; 
6C0.00; 
400,oc; 
400.00; 
400,oc; 

2-Methyl 
naphthlne 

ppb 

330.000 
170.000 
330.000 
330.000 
330.00; 
660.000 
660.OOO 
330.OOO 
330,oc; 
330, ;ic; 
300.00; 
400.0C< 
400.ooo 
400,oo; 
400,00< 
sccoo; 
400.00; 
600.CON 
400.00; 
400.OON 
500.OOK 
4'9O,00; 
4OC.O0rJ 
500,00; 
500,oo; 
400,00; 
400.00; 
400,00; 
600,oo; 
400,oo; 
400.00; 
40c,co; 

Naphthlne 
ppb 

330.00! 
170.000 
330.00< 
330.00; 
330.000 
660.00; 
660.000 
330.00! 
330.00! 
330.00! 
300,000 
400.0C< 
400,000 
4eo,oo< 
400,oc; 
500,000 
400.00; 
600.OON 
400.00; 
400.OCN 
500.CON 
400.00; 
400.OON 
500.00; 
500.00! 
400.00; 
400.oc; 
iccoc; 
400.00; 
400.00; 
400. ec; 
400.00; 

2-Hitro 
aniline 

ppb 

1700.00! 
630.000 
1700.000 
1700.00; 
1700.000 
3400.00; 
3400.00< 
1700.000 
1700.OOO 
1700.00; 
2000.C0< 
2000.00< 
2000.coo 
2000.OOO 
2000.00; 
3000.00! 
2000.00! 
3000.OON 
2000.00; 
2000.OON 
3000,00! 
2000,00; 
2000.CON 
3000,00! 
2000,00; 
2000,00; 
2000.oc; 
2000,00; 
3000.00; 
2000.00; 
2GCC.O0; 
20CO,CO! 

3-Mitro 
aniline 

ppb 

1700.000 
830.000 
1700.OOO 
1700.00< 
1700.OOO 
3400.000 
3400. (iO< 
1700.000 
17OC.OO0 
1700.OOO 
2000.OOO 
2000.00< 
2000.000 
2000.OOO 
2000.00! 
3000.00; 
2000.OOO 
3000.OON 
2000,00; 
2000,OON 
3000.00; 
2000.00; 
2000.OOH 
3000.00< 
2000.oc; 
2000.000 
2000.000 
20C0.OO; 
3000.00; 
2000,00; 
2000,00; 
2000.coo 

4-Nitro 
aniline 

ppb 

1700.0C< 
830.000 
17OO.OO0 
1700.00; 
1700.00; 
3400.00! 
3400.00< 
1700.00; 
1700,00! 
i70c,cc; 
2000,00! 
2000,000 
2000,00< 
2000,oo; 
2000,00! 
30oc,oo; 
2000,00< 
3000,OON 
2000,OOO 
2000,OON 
3000,00; 
2000,00; 
2G00,C0N 
3000,00-; 
2000.00; 
2000.00; 
2000.00; 
2coc,oo; 
3000.OC! 
2000.00! 
2000.00! 
2000.00! 

Hitro 
benzene 

ppb 

330.00! 
170.00; 
330.000 
330.00; 
330.OC; 
660.00; 
660.00; 
330.OOO 
330.OOO 
330.OOO 
3G0.0D! 
400.00! 
400.00< 
400.00; 
400.00; 
500.00; 
400,00; 
600,COH 
400,co; 
400,OOH 
SCO, OCN 
4oe.oo; 
400,OCN 
500.oo; 
500,oo; 
400,00; 
400,00; 
400.OC! 
600.!:ic; 
400,00-: 
400,00! 
400,ec; 

K-Ni trosa 
di-j!stliyl 

aaine 
ppb 

330,000 
170,000 
330.COO 
330.000 
330.00! 
660.00; 
660.00-; 
330,00< 
330.00! 
330.00! 
300.00< 
400,00! 
400.C0< 
400,00; 
400,000 
500,eo; 
400.OOO 
600,000 
400.oo; 
400,OON 
500.00; 
400,ec; 
4-50,OCN 
500,00< 
500, :jo; 
400.00; 
400,oc; 
400,00; 
600.00; 
400,cc; 
400,oo; 
400,00! 



Paraaetrix Inc. — Environaental Data Systea 
HARIHE SEDIHEHT SAHPLES - (BASE NEUTRALS) 

Sta Id Anl Event 

HSO-06-4 TOT ROUND-1 
HSO-07-1 TDT ROUND-1 
HSO-07-2 TOT ROUHD-1 
MSO-07-3 TOT ROUND-1 
HSO-07-4 TOT ROUND-1 
HSO-07-5 TOT RDUND-I 
HSD-07-6 TOT ROUKD-1 
MSO-07-7 TOT ROUND-1 
HEO-OB-1 TOT ROUMD-1 
MSO-OB-2 TOT ROUND-1 
HSO-OB-3 TOT ROUND-1 
HSD-OB-4 TOT RDUND-1 
MSO-09-1 TOT RDUND-1 
HSO-09-2 TDT ROUND-I 
HSD-09-3 TOT ROUND-1 
HSQ-09-4 TOT RQUND-1 
HSD-09-5 TOT ROUHD-1 
HBO-09-6 TDT ROUHD-1 
HSQ-09-7 TOT ROUND-1 
HSO-09-8 TOT ROUND-1 
HBO-10-0 TDT ROUND-1 
HSO-10-1 TOT ROUND-1 
HSO-10-2 TOT ROUND-1 
HEO-10-3 TDT ROUHD-1 
i1ED-10-4 TOT ROUND-1 
HSO-11-1 TQT ROUND-1 
HSO-11-2 TOT ROUND-1 
M50-11-3 TOT RDUND-1 
MSO-11-4 TOT ROUND-1 
MSO-11-5 TOT ROUND-1 
HSD-11-6 TOT ROUND-l 
MSO-11-7 TOT ROUND-1 

Hexa 
chloro 

butadiene 
ppb 

400.00< 
300.00! 
4OO.OO0 
400.OOO 
400.000 
400.OOO 
400.000 
400.000 
500,000 
400.OOO 
500.00< 
400.000 
B00.00< 
400.000 
500.OON 
500.OOO 
400.OOO 
400.OOO 
400.000 
400.000 
500.00! 
SOC.OOO 
400.OON 
400.000 

2000.OOO 
400.000 
400.000 
400.000 
500.OOO 
400,00; 
500.OOO 
400.OOO 

Hexachlor 
ocyclopen 

tadiene 
ppb 

400.000 
300.00< 
400.00! 
400.00! 
400.00< 
400.000 
400.00! 
400.00-! 
500.000 
400.00< 
500.000 
400.00< 
BOO.000 
400.000 
500.OOO 
500.000 
400.00; 
400.00! 
400.00< 
400.000 
500.00! 
500.000 
400.OON 
400.000 
2000.000 
400.00; 
400.00; 
400.00; 
500.00! 
400.00; 
500.00< 
400.00< 

Hexa 
chloro 
ethane 

ppb 

400.00! 
300.OOO 
400.00! 
400.00; 
400.00; 
400.000 
400.OOO 
400.OON 
500.00< 
400.OOO 
SOO.OOO 
400.000 
BOO.OOO 
400.000 
500.OON 
soo.oo; 
400.00; 
4C0.0O; 
400.OOO 
400.00< 
soo.oo; 
500.00< 
400.OON 
400.00; 

2000.00! 
400.00; 
400.00! 
400.eo; 
soo.oo; 
400.00; 
500.00; 
400.000 

Indeno 
(1,2,3-cd 

Pyrene 
ppb 

400.00< 
300.OOO 
400.000 
400.000 
490.000 
400.00! 
400.000 
400.00; 
500.000 
400.OOO 
500.00< 
400.000 
800.000 
400.00! 
SOO.OOO 
500.000 
400.000 
400.00! 
400.OOO 
4OO.OO0 
500.00; 
500.00< 
400.OON 
400.00; 

2000.00; 
400.00; 
400.OOO 
400.00< 
scc.oo; 
400.000 
500.00< 
400.00! 

Iso 
phorone 

ppb 

400.OOO 
300.OOO 
400.OOO 
400.00< 
400.000 
400.00; 
400.00< 
4OO.OO0 
500.000 
400.OOO 
500.00< 
400.000 
800.00! 
400.OOO 
500.OON 
500.000 
400.000 
400.00< 
400.00< 
400.OOO 
500.000 
SOO.OOO 
400.OON 
400.OOO 

2000.00-; 
400.OOO 
400.00; 
400.000 
500,000 
400,00< 
500.000 
400.OOO 

2-Hethyl 
naphthlne 

ppb 

400.00! 
300.00; 
400.00< 
400.00; 
400.000 
400.00< 
400.00; 
400.00< 
500.00< 
400.000 
500.00< 
400.00; 
800.OOO 
400.00; 
500.OON 
500.00; 
400.COO 
400.00! 
400.00< 
400.00; 
soo.oo; 
500.00; 
400.OON 
400.00; 

2000.00; 
400.00! 
400.000 
400.00( 
500.00; 
4C0.0C( 
500.00! 
400.000 

Haphthlne 
ppb 

400.000 
300.000 
400.OOO 
400.00< 
400.00; 
400.00< 
400.000 
400.OOO 
SOO.OOO 
400.000 
SOO.OOO 
4C0.00! 
BOO.OO; 
400.00! 
500.OON 
SOO.OOO 
400.000 
400.000 
400.000 
400.000 
500.00! 
500.000 
4C0.00N 
400.000 

2000.00; 
400.000 

m.m 
400.000 
500.00; 
400.oo; 
500.OOO 
400.000 

2-Nitro 
aniline 

ppb 

2000.000 
2000.oe< 
2000.00; 
2000.000 
2000.000 
2000.00; 
2000.000 
2000.000 
2000.00! 
2000.00< 
.2000.00< 
2000.000 
4000.OOO 
2000.00! 
2000.000 
2000.00; 
2000.OOO 
2000.000 
2000.OOO 
2000.00; 
3000.OOO 
2000.00; 
2000.OON 
2000.OOO 
IOOOO.OOO 
2000.000 
2000.000 
2000.00< 
2000.000 
2000.C0< 
2000.C0< 
2000.OOO 

3-Hitro 
aniline 

ppb 

2000.000 
2000.OOO 
2000.000 
2000.000 
2000.00< 
2000.OOO 
2000.00< 
2COO.OO0 
2000.01^0 
2000.000 
2000.OOO 
2000.000 
4000.000 
2000.00< 
2000.00! 
2000.OOO 
2000.OOO 
2000.000 
2000.OOO 
2C00,(i0< 
3000,OOO 
2000.OOO 
2000.OON 
2000.00< 
10000.00< 
2000.00; 
2000.00; 
2000.OOO 
2000.000 
2000.00! 
2000.OOO 
2000.00; 

4-Nitro 
aniline 

ppb 

2000,00; 
2000.00; 
2000.00; 
2(i00.00< 
2000.00; 
2000.000 
2000.000 
2000.OOO 
2000.00; 
2000.00; 
2000.000 
2000.OOO 
4000.OOO 
2000.00; 
2000.00< 
2000.000 
2000,000 
2000.000 
2000.000 
2000.OOO 
3000.OOO 
2000.00< 
2000.OON 
2000.OOC 
loooo.co; 
2000.00< 
2000.000 
2000.000 
2000.00; 
2000.OOO 
2000.OOO 
2000.00; 

Nitro 
benzene 

ppb 

400.00! 
300.OOO 
400.000 
400.00< 
400.00; 
400.000 
400.00; 
400.0C< 
500.oeo 
400.00; 
SOO.OOO 
400.000 
800.000 
400.00; 
500.OON 
SOO.OOO 
40O.OO0 
400.00; 
400.OOO 
4C0.00; 
soo.oo; 
500.000 
400.OON 
400.00< 

2000.000 
400.00; 
400.00; 
400.00< 

. 500.00; 
400.00; 
500.OOO 
400.OOO 

N-Nitroso 
diaethyl 

acine 
ppb 

400.000 
300.00< 
4C0.0C-! 
400.000 
400.000 
400.OOO 
400.OOO 
400.000 
500.000 
400.000 
500.000 
400.000 
809.000 
400.00< 
500.eo< 
500.000 
400.000 
400.000 
400.000 
400,oo; 
5C0,00< 
500,000 
40C,00N 
400,000 

2000.oeo 
400.000 
400.000 
400.00! 
500.00< 
400.00; 
500.OOO 
400.000 



Paraaetrix Inc. -- Environaental Data Systea 
HARINE SEDIMENT SAHPLES - (BASE NEUTRALS) 

Sta I d Anl Event 

HSO- l l -B TOT ROUND-1 
HBO-11-9 TOT ROUKD-1 

HSO-12-1 TOT ROUND-1 
HSO-12-2 TOT ROUND-1 

MSO-12-3 TQT ROUND-1 

MSO-12-4 TOT ROUHD-1 

HSD-12-S TOT ROUND-1 

HEO-13-1 TOT ROUND-1 

HBD-13-2 TOT R3UND-1 

HSO-13-3 TOT ROUND-1 

HSO-13-4 TOT ROUND-1 

MSD-13-5 TDT ROUKD-1 

HSO-13-6 TOT RQUND-1 

MSQ-13-7 TQT ROUND-1 

KEQ-13-B TOT RQUND-1 
HEO-14-1 TOT ROUND-1 

HSO-14-2 TDT RCUHD-1 

HSO-14-3 TDT RQUHD-1 

MSO-14-4 TOT ROUND-1 

MSD-14-5 TQT ROUKD-1 

HSD-15-2 TQT RQUHD-1 
KEO-15-3 TDT RDUHD-1 
HSD-15-4 TOT RGUND-l 

HBO-15-5 TOT ROUKD-1 
HBO-16-1 TOT RO'JND-1 

HED-16-2 TOT RDUHD-l 

HBO-16-3 TOT RDUND-l 
HEO-16-4 TOT RDUND-1 

HSO-17-1 TOT RDU.KD-1 
MEO-17-2 TOT f;CUND-i 

MSO-17-3 TOT RCUXD-1 

M30-17-4 TOT ROUKD-1 

Hexa 

c h l o r o 

bu tad iene 

ppb 

400.000 

400.OOO 

500.00< 
400.00< 

500.OOO 

400.OOO 

400.OOO 

400.00< 

400.000 

400.000 

400.000 

400.00< 

400.00< 

400.00< 
400.OOO 

500.000 

400.OOO 

SCO.OO! 

400.00< 

500 .00 ! 

400.OOO 

400 .00 ; 

409.oc; 
400.000 
soo.oo; 
400 .00 ; 

400 .00 ; 
400 ,00 ; 
800,oc; 
500,00 ; 

400 ,00 ; 

500 ,00 ; 

Hexachlor 

ocyclopen 

tad iene 

ppb 

400,00< 

400.000 

500.00< 
400.OOO 

500.000 

400.000 

400.00-( 
400.000 

400 .00 ; 
400.000 

400.00< 

400.00< 

400.00< 

400.000 

400 .00 ! 

soo.oo; 
400.000 

sco.oo; 
400 .00 ; 

500 .00 ; 

400.coo 
400 .00 ; 

400.000 

400.oo; 
500,00! 

400.00; 

400,00; 

4GC,00; 

800.co; 
500.00! 

400,oo; 
. 500 .00 ; 

Hexa 

c h l o r o 

ethane 

ppb 

400.00< 

400.000 

500 .00 ; 
400.00< 

500.000 

400.000 

400.000 

400.000 

400.000 

400 .00 ! 

400.000 

400 .00 ; 

400 .00 ; 

400.OOO 
400.00< 

soo.oo; 
400.000 

500.OON 

400.coo 
500.00 ! 

400.00< 

400.00 ; 

400.000 

400.C0< 
500 ,00 ; 

400.00 ; 

400.000 

400 .00 ; 

BOO.OO; 
500 .00 ; 

400.co; 
soo.oo; 

Indeno 

11 ,2 ,3 -cd 

Pyrene 

ppb 

400.00< 

400.000 

SOO.OOO 
400.000 

5OO.OO0 

400.000 

400.OOO 

400.000 

400.000 

400.000 

400.000 

400.000 

4 0 0 . 0 0 ; 

400.000 

400.OOO 

soo.oo; 
400.00 ; 

SOO.OO! 

400 .00 ; 

500,eo< 
400,00 ! 

4G0,00; 

400 ,00 ! 

400 .00 ; 
500 ,00 ; 

400.eo; 
400 .00 ; 

400 ,00 ; 
2000.00 ; 

500 .00 ; 

400 .00 ; 
500, oo; 

Iso 
phorone 

ppb 

400.00< 
400.ooo 
500.000 
400.00< 

500.000 

400.000 

400.000 

400.OOO 

400.OOO 

400.00< 

400.00< 

400.00; 

400.000 

400.000 

400.000 
500.OOO 

400.000 

500,000 

400,000 

500,00! 

400,000 

400,00; 

400.00; 

400.00; 
soo.oo; 
400 .00 ; 

400.cc; 
400,oc; 
800.000 
500,00; 
400.00; 
5co,oc; 

2-Hethy l 

naphth lne 

ppb 

400,000 
400,OOO 

500,000 
400 ,00 ; 

500,000 

40o,oo; 
400.00< 

400,000 

400 ,00 ; 

400 .00 ! 

400 ,00 ; 

400,000 

400 ,00 ! 

4CO,oc; 
40o;oo; 
sco.oo; 
400 .00 ; 

sco.oo; 
400 .00 ; 

500,000 

400,oc ; 
400 ,co ; 

400,oo; 

400 .00 ; 
500 ,00 ; 
400 .00 ; 

400,00 ; 

4(^0.00; 
600 .00 ! 

500 .00 ; 
400.00< 

s c o . o c ; 

Haphthlne 

ppb 

400.00-! 

400.000 

SOO.OOO 
400.000 

500.00< 

400.00< 

400.000 

400.000 

400.000 

400.OOO 

400 .00 ; 

400.00< 

400.00< 

400 .00 ; 

4co.ec; 
500 .00 ; 

400 .00 ; 

500.00< 

400.CO-! 

500.000 

4co.eo< 
?oo.oo; 
400.00! 

400.00; 
soo.oo; 
400.00; 

400,cc; 

100.oc; 
800.00; 

500,00; 

400.00; 
500.00! 

2-Nitro 

ani l ine 

ppb 

2000.00; 

2000.00; 

3000.000 
2000.OOO 

2000.000 

2000.000 

2000.000 

2000.OOO 

2000.000 

2000.00! 

2000.00< 

2000.OOO 

2000.OOO 
2000.00; 

2000.coo 

3000.00! 

2000.000 

2000.00! 

2000,0C< 

2000,000 

2000,000 
2000,oo; 

2000,000 

2000,eo; 
2000,00; 
2000,oo; 

2000.00; 

2000.00; 
4000,co; 

2000,00; 

2000.00; 

2000,oc; 

3-Nitro 

ani l ine 

ppb 

2000,OOO 
2000,OOO 

3000.OOO 
2000,000 

2000,OOO 

2000.00; 

2000.000 

2000.000 

2000.000 

2000.OOO 

2000.000 

2000.000 

2000.00< 

2000.OOO 
2000.000 

3000.OOO 

2000.00; 

2000.CC< 

2CC0.00< 

2000.coo 

2C00.00< 
2000.0c; 

2000.00; 
2000.00< 

2000.00; 
2000.00; 

2000.00; 

2000.00; 

<ooo,oo; 
2000.cc; 
2000.00; 
2000.oe; 

4-Mitro 
anil ine 

ppb 

2000.000 

2000.OOO 

3000.OOO 
2000.00< 

2000.000 

2000.00; 

2000.000 

2000.00< 

2000.00< 

2000.00< 

2000.OOO 

2000.000 

2000.OOO 

2000.00! 
2000.00; 

3000.00; 

2000.00; 

2000.000 

2000.00; 

2000.00; 

2000.00< 
2000.00; 

2000.00! 

2000.00< 
2000.00! 
2000.C0; 

2000.00; 

2000.00; 
9000,00; 

2000.00; 
2oco.eo; 
2000.oc; 

N i t r o 

benzene 

ppb 

400.000 

400.OOO 

500.000 
400.000 

500 .00 ! 

400.eo; 
400.OOO 

400 .00 ! 

400 .00 ; 

400 .00 ; 

400.000 

400 .00 ! 

400.000 

400,000 

400,oc; 
500 ,00 ; 

400,oc; 
500,oc; 
400.00; 
500,00; 
400 ,oo ; 

400 ,oo ; 

400,000 
400,00< 

500 .00 ; 

400.00; 
400 .00 ; 

400.00; 

800 .00 ; 

500 .00 ; 
400.OC; 

SCO,OCX 

N-N i t roso 
d i a e t h y l 

aaine 

ppb 

400.00< 

400.OOO 

500.000 
400.00< 

500.OOO 

400.000 

400.OOO 

400.OOO 

400.00; 

400.00< 

400.coo 
400.OOO 

400.00 ! 

400.00 ; 

400.0C< 

500 .00 ! 

400 .00 ; 

SOO.OOO 

400.00; 

500 .00 ; 

400.000 
400.00; 

400.00; 

400.OOO 
soo.oo; 
400.OOO 

400 .00 ; 

400.eo; 
9CC.00! 

5CJ,C0; 
4C0.e'3< 

500,oo; 



HARIHE SEDIMENT EAHPLES - (BASE HEUTRALB) 

Sta Id Anl Event 

HSO-18-1 TOT RCUND-1 

MEQ-ie-2 TQT ROUND-1 

KSO-lB-3 TOT RQUND-1 

H S 0 - i 9 - l TOT RQUND-1 

MSD-19-2 TQT ROUHO-1 

HSO-20-1 TDT ROUND-1 

; MSD-20-2 TDT ROUHD-l 

l'iSO-21-1 TOT ROUND-1 

HSO-21-2 TOT ROUKD-1 

MSO-21-3 TDT ROUHD-1 

MSO-22-1 TOT ROUND-1 

H30-22-2 TQT RDUKD-1 

; HSO-22-3 TOT RQU?;D-1 

j ME06-0MS TOT RDUKD-1 

; MS07-iKS TOT RGUND-1 

MSD7-7HS TOT RQUND-1 

REP-1 TOT ROUND-1 

i ,^EP-2 TQT RQUHD-1 

1 REP-3 TDT ROUND-1 

REP-4 TOT RDUND-1 

Hexa 

c h l o r o 

bu tad iene 
ppb 

800.OOO 

500.000 

400.000 

600.OOO 

500.000 

500.000 

500.000 

500.000 

600.OOO 

600.000 
SOO.OOO 

1000.00! 
500,000 

330.000 

330 .00 ! 

330.COO 

400.000 

400.OOO 

500.OOO 

4OO.OO0 

Hexachlor 

ocyclopen 

tad iene 
ppb 

600.00 ; 

SCO.OO! 

4CO.OO0 

600.00< 

SOO.OOO 

SOO.OOO 

s o o . o o ; 

5 0 0 . 0 0 ; 

600.000 

600 .00 ! 

500.00< 

lOOO.OOO 

500.00 ! 

330.0C< 

330 .oc ; 

330.00; 

4C0.(i0! 

400.00; 

soo .oo ; 

400.000 

Hexa 

c h l o r o 

ethane 
ppb 

600.00 ; 

500.09; 

400.000 

600.00< 
soo .oo ; 

500.000 

500 .00 ; 

500 .cc ; 

600.00; 

600 .00 ! 

500.000 

1000.00! 

500 .00 ; 

330.00; 

330.'OC; 

330.00; 

400.0C< 

400,00; 

soo .oo ; 

400,00; 

Indeno 

( 1 , 2 , 3 - c d 

Pyrene 
ppb 

800,co ; 

soo .oo ; 

400 .00 ; 

600.00; 
s c o . o o ; 

500 .00 ! 

s o c . o e ; 

soo .oo ; 

600.000 

too.ooo 

500 .00 ; 

1000.000 

soo .oo ; 

330 .oc ; 

330.000 

330.00; 

4CO.CO0 

4eo.oc< 

SCO.OOO 

400.00; 

Iso 
phorone 

ppb 

BOO.OC! 

500.00; 

400.00! 

600.00< 
500.C0< 

50(1.00! 

500.00< 

500.00; 

600.000 

600.OOO 

SOO.OOO 

1000.00! 

soo .oo ; 

330.0C< 

33O.OO0 

330.00 ! 

400.OOO 

400,000 

soo .oo ; 

400.00; 

2-Hethy l 

napht . l lne 
ppb 

BOO.OO; 

500,00; 

400 ,00 ; 

600 .00 ; 

500 ,00 ; 

soo .oo ; 

s o c . o e ; 

soo .oo ; 

600 ,oc ; 

6CO,oc; 

500 .00 ; 

lOOO.OOO 

soo .oo ; 

330 .oo ; 

330 .00 ; 

330 .00 ; 

400 .co ; 

400 .00 ; 

500.00; 

400.00; 

haphth lne 
ppb 

800.00 ; 

SOC.OC! 

400.0C< 

600.000 
s c o . o o ; 

500.00! 

soo .oo ; 

500.00! 

600.00< 

600 .co ; 

soo .oo ; 

1000.00! 

soo .eo ; 

330.00; 

330 .00 ; 

330.00! 

400.00; 

400.00< 

500.OOO 

400.ec< 

2-Hitro 

ani l ine 
ppb 

4000.00; 

2000.oe; 

20C0.00; 

3000.0C< 
2000,00; 

2000,000 

20oc,oo; 

3000.00! 

3000.OOO 

3000.00! 

3000.00; 

5000.00; 

3000.000 

1700.00! 

1700.0CO 

170C.00; 

1 SCO.00! 

2000.000 

2000.OOO 

2000.00; 

3-Nitro 

ani l ine 
ppb 

4000.'00< 

2000.000 

2C0O.O0; 

3000.00< 
2000,000 

2000.OOO 
2000.000 

3000.oeo 

3000.00< 

3000.000 

3000.000 

5000.00< 

3000.000 

1700.00; 

1700.000 

1700.00; 

1800.00! 

2C00.00! 

2000.00! 

2000.OC! 

4-Nitro 

ani l ine 
ppb 

,'4000.00! 

2000.000 

2000.000 

3000.00-; 

2000.00! 

2000.00! 

2(.'00,0e! 

3000.00! 

3000.00! 

3000.00; 
3000.00; 

5000.00; 

3000.00; 

1700.C0; 

noo.co; 

i700.cc; 

1800.000 

2000.00; 

2000.00; 

2000.00; 

Kitro 

benzene 
ppb 

800.0'O; 

soo.oo; 

400.00; 

600,00; 
500,oo; 

500,00; 

500,oc; 

500.00; 

600,oo; 

400,oo; 

500.000 

10C0.0C< 

sco.oo; 

330.cc; 

330.ec; 

330.OC! 

400.oc; 

400.co; 

soo.oo; 

400.00; 

:J-Nitro5c 

dL-^ethyl 

aniine 
ppb 

BCO.oo; 

500.000 

400,00! 

600,ec; 

500,000 

500,000 

SCCOO! 

500,00! 

600.00; 

600,00; 
500,00! 

1000,00; 

500.000 

330.00! 

330.00; 

330.00< 
400,CO; 

400.00; 

soo.oo; 

400.000 

http://i700.cc


MARINE SEDIHEHT SAMPLES - (BASE HEUTRALB) 

Sta Id Anl Event 

HETH-10 TOT ROUND-1 
HETHOD-1 TOT ROUND-I 
HETHOD-7 TOT ROUND-1 
HETHDD-8 TOT ROUND-1 
METHOD-9 TOT ROUND-1 
HS17-1DP TOT RQUND-1 
MS17-1MS TOT ROUND-1 
MS4-0HSD TOT RCUND-1 
HS7-6HSD TOT RGUND-1 
HS7-7HSD TOT ROUND-1 
HEO-0-1 TOT ROUND-1 
MEO-0-2 TOT ROUND-1 
MSO-0-3 TOT ROUND-1 
HSO-01-1 TOT RCUND-1 
MSD-02-1 TOT ROUND-1 
HSD-02-2 TDT RQUHD-1 
H30-02-3 TDT RDUND-1 
MBO-03-1 TOT RDUHD-1 
HBO-03-2 TOT ROUND-1 
HSO-03-3 TOT ROUND-1 
MSO-04-0 TOT ROUND-1 
KSO-04-1 TOT RDUND-1 
MSO-04-2 TOT ROUHD-1 
MBO-04-3 TOT RCUND-1 
MSQ-05-0 TDT RQUKD-1 
HSC-05-1 TOT ROUHD-1 
MSO-05-2 TCT RCUHD-1 
KSO-05-3 TOT RCUHI-l 
i',BO-Oi-0 TOT F;CUND-1 
HSO-Ot-l TOT RG'JND-) 
REO-Ot-2 TOT RG'JND-! 
i;SD-06-3 TQT ROUND-1 

N-Nitroso 
dipropyl 

aaine 
ppb 

330.000 
170.000 
330.00< 
330.00< 
330.00< 
1300.00 
1300.00 
1460.00 
1030.00 
1530.00 
300.OOO 
4OO.OO0 
400.OOO 
400.00< 
400.OOO 
500.000 
400.000 
600.000 
400.OOO 
400.OON 
500.OON 
400.00! 
400.CON 
500,00; 
500,co; 
4co,oo; 
400,oo; 
4C0.OC; 
6co,oo; 
400,oc; 
400.00; 
400,00! 

N-Nitroso 
diphenyl 
aainell) 

ppb 

330,00< 
17O.0O0 
330.000 
330.00< 
330.000 
660,00-! 
660.00< 
330.00< 
330.000 
330.OOO 
300.OOO 
400.OOO 
400.OOO 
400.00< 
400.000 
500.00; 
400.OON 
600.000 
400.OON 
400.OON 
500.OON 
400.00; 
400.OOM 
soo.oo; 
sco.oo; 
400.00; 
400.00; 
400.oo; 
400.00; 
400.00; 
400,oo; 
400,oo; 

Phen 
anthrene 

ppb 

330,00! 
170.000 
330.000 
330.OOO 
330.000 
1000.00 
1200.00 
330.000 
330.00.; 
330.000 
300.OOO 
400.000 
400.000 
400.00; 
400.00< 
500.00; 
400.ODN 
600.00! 
400.00N 
400.CON 
1830.OOJ 
4oe.co; 
400.OCN 
soo.oo; 
500,oo; 
400.00; 
4C0.00; 
400,00^ 
400. :)9; 
400.00; 
400.00; 
400.oo; 

Pyrene 
ppb 

330,00! 
170,00< 
330,OOO 
330,000 
330,000 

3300,00 
3400,00 
1490,00 
1100.00 
1500.00 
300.OOO 
400.OOO 
400.OOO 
400.OOO 
400.000 
SCO.OOO 
400.000 
600.OOO 
400.00; 
400.OON 
3470.OOJ 
400.00; 
400.OCN 
soo.oo; 
soc.oe; 
400.00; 
400,00; 
400,00; 
600.00! 
400.00; 
400. ;ie; 
^00.00! 

1,2,4-Tri 
chloro 

benzene 
ppb 

330.00< 
170.00< 
330.OOO 
330.000 
330.00; 
1 ICO.00 
1200.00 
1290.00 
1130.00 
1360.00 
300.000 
400.0C< 
400.00< 
400.00; 
400.000 
soo.oo; 
400.00; 
600.OON 
400.000 
400.OON 
500.OON 
400.000 
400,OCN 
500,oo; 
SCO,CO; 
400,'Oc; 
400.00; 
400.00; 
4CC,00; 
400.oc; 
400.00; 
4co.eo; 



KARIiJE SEDIMENT SAHPLES - (BASE NEUTRALS) 

Sta Id Anl Event 

MBO-06-4 TOT RCUND-l 
HEO-07-1 TQT RDUND-1 
HS0-C7-2 TOT ROUKD-1 
HSO-07-3 TCT RQUHD-1 
HED-07-4 TQT ROUND-1 
HEO-07-5 TGT ROUHD-1 
HE0-C7-6 TOT ROUKD-1 
HSO-07-7 TOT ROUND-1 
HSO-OB-1 TDT ROUND-1 
HSD-OB-2 TOT RQUND-1 
flSD-OE-3 TOT RQUND-1 
MBO-08-4 TOT ROUND-1 
MSD-09-1 TCT ROUND-1 
HSQ-C9-2 TOT RGUHD-1 
MBD-C9-3 TQT ROUKC-l 
i1EQ-09-4 TQT ROUND-1 
MS0-C9-5 TQT RQUND-1 
MSO-09-6 lOT ROUND-1 
MSO-09-7 TOT ROUND-i 
HBD-09-8 TOT RQUKD-1 
KSQ-lC-0 TOT RGUHD-1 
MEO-10-1 TCT ROUND-1 
M S M O - 2 TOT RCUHD-1 
H5G-10-3 TOT RCUND-1 
MS0-l!'-4 TOT RDUNC-1 
MSO-11-1 TGT RGUND-1 
MSG-11-2 TOT RQJKD-1 
HSO-n-3 TOT RCUKD-1 
H50-11-4 TCT RCiJND-l 
HSQ-11-5 TQT RGUND-1 
MSO-11-6 TOT RDUHD-l 
HSO-11-7 TOT ROUHD-1 

H-Nitro5o 
dipropyl 

aaine 
ppb 

400.00; 
300.OOO • 
4OO.OO0 
400.00< 
400.OOO 
400.OOO 
400.OOO 
400.OCN 
500.000 
400.OOO 
500.00; 
400.000 
800.OOO 
400.OOO 
500.ODN 
500.000 
400.00; 
400.000 
400.OOO 
400.00; 
SOO.OOO 
500.00< 
400.OON 
400.000 

2000.000 
400.000 
400,00; 
400.0c; 
500.000 
400.00; 
500.00; 
400.00; 

N-Hitroso 
diphenyl 
aaine(l) 

ppb 

400.00; 
300.00; 
400.OOO 
400.OOO 
400.000 
400.00; 
400.00; 
400.00! 
500.00; 
400.00! 
SCO.000 
400.00! 
BOO.OC; 
400.00< 
SOO.OOO 
sco.eo< 
400.00; 
400.00; 
400.09; 
400.00; 
500,00; 
500.00; 
400.OCN 
4CO.O0; 

2000.00; 
400.OOO 
400.00! 
400.cc; 
500.00: 
400.00; 
500.00; 
400.00; 

Phen 
anthrene 

ppb 

400.00! 
300.0'9-! 
400.00< 
400.000 
400.00! 
4CO.O00 
400.000 
400.00; 
500.eo< 
400.0C-; 
500.00! 
400.00! 
660.00 
400.oeo 
soo.oo; 
500.00! 
400.00< 
400.00! 
4CO.OO0 
400.00< 

4010.00 
760.00 
400.OOK 
400.00! 

2000.00; 
400.00-'. 
4;i0.00; 
400.00; 
500.00; 
400.00! 
5CO.C0< 
400.00. 

Pyrene 
ppb 

400.0C< 
300.00! 
400.000 
400.000 
400.00; 
400.00< 
400.OOO 
400.00; 
500.000 
400.OCN 
SOO.OOO 
400.00< 

2020.00 
400.000 
SOO.OOO 
SOO.OOO 
400.00! 
400.cc; 
400.00; 
400.00: 

2630.OCJ 
1140.00 
400.OCN 
400.00! 

20)0.00; 
400.0c; 
400.00; 
400.00; 
500.00< 
400.00; 
500.00; 
4;'0.oo; 

1,2,4-Tri 
chloro 

benzene 
ppb 

400.00; 
300.00; 
400.OOO 
400.00; 
400.00; 
400.00; 
400.00; 
400.000 
500.000 
400.000 
500.90< 
400.00< 
BOO.OO! 
400.00< 
SCO.OON 
SOO.OOO 
400.00! 
400.000 
400.00; 
400.OOO 
500.000 
soo.oo; 
400.OON 
400.ooo 
2000.00; 
400.00; 
400.00; 
400.cc; 
500.00! 
400,00; 
500.00; 
400,oc; 



HARINE SEDIMEJJT SAHPLES - (BASE NEUTRALS) 

Sta Id Anl Event 

MSO-l l -B TOT ROUND-I 

hSO-11-9 TQT f.QUND-1 

MEO-12-1 TOT ROUHD-1 

HSO-12-2 TOT RO'JND-1 

MBD-12-3 TOT ROUND-1 

MSO-12-4 TDT RDU!<D-1 

HSO-12-5 TOT RQUND-1 

MSD-13-1 TOT RDUND-1 

(ISO-13-2 TQT RDUND-1 

flS0-13.-3 TOT R2UHD-1 

HSO-13-4 TOT ROUND-1 

MSO-13-5 TQT RQUKD-l 
MSO-13-6 TOT RCur)D-l 

hSQ-13-7 TOT ROUND-1 

MSC-13-B TDT RC'JHD-1 

KSO-14-1 TOT RCUHD-1 

MSO-14-2 TOT ROUKD-I 

H3Q-14-3 TOT RGUND-1 

r,SQ-i4-4 TDT R3UKD-1 

KBO-14-5 TDT RCUK9-1 

KSO-15-2 TOT RGUKD-1 
MEC-lS-3 'CT KOUKd-l 
HB3- i5-4 TOT RCUKD-1 

MSG-15-5 TOT RGUKD-l 

M30-16-1 TOT R 3 J ! ; D - 1 

M50- i6-2 TGT RQuND-l 
KSG-16-3 TOT R J U K D - I 

MBC-ifc-4 TOT RCiJKD-l 
!';3Q-17-1 TQT R0UX3-1 

HEC-17-2 TOT SOUIiD-l 

MSQ-i7-3 TQT RGUiKD-1 

HSC-17-4 TCT ROlND-i 

N -N i l roso 

d i p r o p y l 

a t i n e 

ppb 

400.OOO 

400.000 

500.000 

400.000 

SOO.OOO 

400.00< 

400.00-! 

4oo.eo< 
400.00< 

400.000 

400.00 ; 

4CO.OC0 

400.00< 

4ce.oc< 
400.00 ! 

500.000 

400.000 

500.CON 

400 .00 ! 

soo.oo; 
400.000 

m.m 
400.CO! 

400.00 ; 

sco.oc; 
400.00 ! 
400.oo; 
400.00; 

600.00! 
Si'O.OC! 

400,00! 

500,.;io; 

N-Nitroso 

diphenyl 

aained) 

ppb 

400.00< 
400.000 

soo.oo; 
400.00! 

500.OC! 

400.000 

400.000 

4'30.000 

400.00! 

400.00! 

409.000 

400.00! 

400.00< 

400.000 

4GO.OO0 

500.00! 
400.09! 

500.00; 

400.00! 

sGo.oo; 
400.00 ! 

400 .00 ; 
400 .00 ; 

4CC.OO0 

500 ,00 ; 

400,oo; 
400,00! 

iCo.oo-: 
2000,oo; 
500», 00! 
400.00; 
500.ce; 

Phen 

anthrene 

ppb 

400,OOO 

400.CC< 

i iBo.eo 
400.00< 

SOO.OOO 

400.OOO 
400.000 

460.00 

400.000 

400 .00 ! 

4CO.CO0 

400 .00 ; 

400.000 

400,co; 
400,00 ! 

610.00 

400.C0< 

SOO.OOO 

400.00! 

500.co; 
400.00: 

400,oo; 
400.00; 

400.00! 

500,00! 
400,00; 

4oo,:;>o; 
400.Ot ; 

4400.00 
SCO.Ov! 

400, ;iO; 

300,oo; 

Pyrene 

ppb 

400.OOO 

400.OOO 

5920.00 

400.000 

500.000 

400.00; 

40C.0p< 

2660.00 

400.0C< 

400.00; 

400,COO 

400,00< 

400,00! 

400,00; 

400,00; 

500.00 

400.00! 

500,00! 

400,oc; 
500.00! 

4-co.ec; 
400 .00 ; 
400 .00 ; 

4Co.oe; 
500,00! 

400 .00 ; 

?oo.o&; 
400.00; 

6'.00.00 
500.00; 

400.00! 

500.00; 

1,2,4-Tri 

chloro 

benzene 

ppb 

400.00! 

400.00; 

500.000 

400.00-! 

500.0O-! 

400.000 

400.000 

400.C0< 

400.00! 

400.900 

400.COO 

4'Do.eo; 
409.00 ; 

4CO.CO0 

400.0C-: 

500 .00 ! 

400.OOO 

soo.oo; 
400.00 ; 

SOO.OOO 

400.00< 

400 .00 ; 
400.00 ; 

400.eo; 
500.oe< 
400. o ' j ; 

400.000 

4GO.00; 
GCO.OO; 

sco.oo; 
400. •)0^ 

sco.oo; 



MARINE SEDiflENT SAMPLES - (BASE NEUTRALS) 

Bta i d Anl Event 

MEO-lB-1 TOT RCUHD-1 

MEO-18-2 TOT RQlHD-1 

HEQ-10-3 TOT RQUND-1 

HSQ-19-1 TQT R3UND-1 
MSQ-19-2 TQT RCUKD-1 

HSC-20-1 TGT RQUHD-1 

MSO-20-2 TQT ROUND-1 

HSO-21-1 TOT RQUND-1 

MSD-21-2 TOT RQUKD-1 

HSO-21-3 TQT ROUKD-1 

MEO-22-1 TQT RCUND-1 

MBQ-22-2 TOT ROUND-1 

H3C-22-3 TDT RCUHD-1 

MSD6-0HS TQT RQUHD-1 

M307-fcMS TOT ROUND-1 

HS07-7MB TQT ROUHD-1 

REP-1 TDT ROUMD-1 

REP-2 TOT ROUND-1 

REP-3 TOT RDUHD-1 

REP-4 TDT RCUND-1 

N-N i t roso 

d i p r o p y l 

aaine 
ppb 

BOO.OO! 

500.000 

400.000 

600 .00 ! 
500.000 

SOO.OOO 

500.00< 

500 .00 ; 

600.000 

600.00< 

500.000 
lOOO.OOO 

SOO.OOO 

1320.00 

960.00 

1330.00 

400.000 

400 .00 ! 

500.00-! 

400 .00 ! 

N-H i t roso 

d ipheny l 
a a i n e d ) 

ppb 

800.00! 

500.00! 

400.oeo 
600.OOO 

500.00; 

500.000 

500.000 

500.00! 

600.00; 

600.000 

soo.oo; 
lOOO.OOO 

500.000 

330 .00 ! 

330 .00 ; 

330 .00 ; 

400.0C< 

400 .00 ; 

soo.eo; 
400.oc; 

Ptier, 

anthrene 
ppb 

2050.00 

500 .00 ; 

400.oc; 
603 .00 ; 

500 .00 ! 

soo.oo; 
SCO.OO! 

1130.CO 

600.eo< 
600.000 

500.00! 

lOoo.oo; 
soo.oo; 
330.00 ! 

330.cc; 
330 .00 ; 

400 .00 ; 

400.00< 

soo.oo; 
400.00; 

pyrene 
ppt 

4030.00 

500.000 

400.000 

1G30.00 
SCO.OC! 

500.00! 

soo.oo; 
1590.00 

600.ooo 
600 .00 ; 

570.00. 

1200.00 

500.000 

1930.00 

1790.00 

1460.00 

400 .00 ! 

400 .00 ! 

500.OC; 

400 ,00 ! 

1 , 2 , 4 - T r i 

c h l o r o 

benzene 
ppb 

BOO.OO; 

500.00< 

400.00'. 

600.000 

500.000 

soo.oo; 
500.00! 

500.000 

600.000 

600.00! 

500.000 

1000.000 

soo.eo; 
142O.0C 

1490.00 

1230.00 
400.eo< 
400.000 

SOO.OOO 

400 .00 ; 



^ATiIHE SEDIMENT SAMPLES - AEARCO 
SE,1I-V0LATILEE (ACIDS) 

Sta Id 

T l -1 

TlO-1 

TlO-2 

Anl Event 

TOT r;0UN3-2 

TOT ROUND-2 

TOT f;QUND-2 
T10-2-HS TOT ROUND-2 

T10-2MSD TDT ftDUND-2 

T l l - 7 

T12-1 

T16-1 

T16-4 

TOT ROUND-2 

TOT RQUHD-2 

TOT ROUND-2 

TOT ROUHD-2 

T16-4-MS TQT ROUND-2 

T16-4H3D TGT RCUND-2 

TlB-2 

T2-1 

T2-5 

T2-6 

T22-1 

T22-2 

T2A-5 

T2A-50 

T3-2 

T3-4 

T3-5 

T3-6 

T3-6-HS 

TOT ROUKD-2 

TOT ROUND-2 

TOT RO'JND-2 

TCT RCUHD-2 

TQT RDUND-2 

TOT RQUND-2 

TOT ROUHD-2 

TOT ROUHD-2 

TOT RDUIiD-2 

TOT ROUKD-2 

TOT RQLiND-2 

TOT fiOUHD-2 

TQT RC'JND-2 

T3-6-HSD TCT ROUKD-2 

T4-2 

T4-20 

T4-4 

T5-C 

T6-1 

T6-3 

TB--4 

TD-2 

TO-3 

TOT ROLiHD-2 

TDT RCUSD-2 

TOT RCUKD-2 

TOT R0U;-tD-2 

TOT RQUND-2 

TOT F,uUKC-2 

TGT Ra'JND-2 

TGT l".Qu;'(D-2 

TQT f:[JHD-2 

Benzoic 

Acid 
ppb 

2000.COO 

2000.00; 

2000.00; 
1700.000 

1700.00! 

2000.00< 

2000.00! 

20D0.00< 

2000.COO 

1700.00! 

' 1700.00; 

2000.00; 

20CO.OOO 

2000.00; 

2000.OON 

SOOO.OON 

4000.00H 

2000.OOH 

2009.OON 

2OCO.CO; 

2200.00; 

2000.00; 

2000.00; 

1700.00; 

3300.'30; 

2000,co; 

2000.00; 

2000.OON 

2C00.00; 

2000.oe; 

2000,00; 

2000,00; 

2000.00; 

2000,00; 

2-Chloro 

phenol 

ppb 

400,00< 

500.00 ; 

400,00; 

3170,00 

4650.00 

400.00! 

400.OOO 

400.000 

409 .00 ; 

5330.00 

3470.00 

sco.oo; 
400 .0c ; 

400 .00 ; 

400.CCK 

lOOCOON 

700.CON 

400.OON 

400.OON 

400 .00 ; 

400.00; 

400 .00 ; 

400 .00 ; 

2700.00 

2000.CO 

400 .00 ; 

430.00; 

5CJ,C0M 

•^00.00. 

400.00< 

400 .00 ; 

4eo.:;iO; 

400.oe; 
400,00; 

2 .4 -D: 

ch lo ro 

phenol 

ppb 

4C0,C0; 

500,OOO 

4C9,00! 

330,00! 

330.oc; 
400,000 

490,00! 

400,000 

4C0.C0; 

330,000 

330,00; 

500 .00 ! 

400.0c ; 

400.OC! 

4C0.00-J 

ICOO.OON 

7CO.eON 

4C0.OeH 

400.CON 

400.00; 

400,00! 

400,00; 

400,00 ; 

330.ce; 
670 .00 ; 

400 .00 ; 

400 ,00 ; 

iw.'M 
sO'O.O'O; 

m . m 
400.00; 

40o.:;iO; 

400.00; 

400,00: 

2,4-Di 

. aethyl 

phenyl 

ppb 

400.000 

SCO.OO! 

400.00< 

330.09< 

330.00< 

400.OC! 

400.OOO 

400.00-! 

400.00! 

33.0.00; 

330.000 

500.00< 

400.00; 

400.OC! 

400,OON 

lOOCOON 

700,OON 

400.CON 

4CC00N 

400.OOO 

400.0c; 

400.00-! 

400.00! 

330.00! 

670.00; 

400.oc; 
400 .00 ; 

500.OOH 

400.oc; 
400.OC; 

4 0 C 0 C ; 

400,eo; 
4 0 ^ . 0 0 ; 

400.oc; 

2,4-Di 

n i t r e 

phenol 

ppb 

2000,oc; 
2000,OOO 
2000,00; 
1700,00; 
1700.eo< 
200c 00<. 
2000.000 
2000.eo< 
2000.00< 
1700.eo< 
1700.000 
2oco.ceo 
2000.00! 
2CC0.CC; 
2000.CON 
5000.OCN 
4000.CON 
200c OON 
2000.OCH 
20 iceo ; 
2200.00 ; 

20CCCO; 

2000,0C< 

i 7ccec ; 
1700,00! 

20CCeO! 

20'00,CC< 

2000. OC?J 

2occ,oc: 
2000.00; 

2coo.eoi 
2cccoc; 
2000.00; 

2000.00; 

2-Mt i ; / , i 

phenol 

Fpb 

4C0.0C; 

500,00; 

400.00; 

330.00; 

330.cc; 
403.oc; 
400.oc; 
400.00; 
400.00; 
330.00; 
330.0c; 
SCO.OC; 
400,00; 
400.cc; 
4CO.O;N 

ICOO.OOH 

700.OOH 

400.OON 

400,OCN 

400.00; 

400 .00 ; 

400.oe; 
4 ) 0 . 0 0 ; 

3 3 0 , 0 ; ; 

470, : ;o; 

400 .00 ; 

400. ; .c ; 

SOO.l'OW 

400. : 0 ; 

icco.;; 
4oco;-
4OO.;i0< 

4vO..;.o( 

m . - ^ i 

4-Hethy l 

phenol 

ppD 

4CO,oc; 
500,00! 

400,000 

330,00 ; 

330 ,00 ; 

400.00 ; 

4CCOO0 

400.cc; 
400.co; 
330.oeo 
330.000 
sco.oo; 
4CCCo; 

4CC0O; 

400,OCH 

1000,00,^ 

700.OCN 

400,OCN 

400.OCN 

400.ce; 
400.00< 

400 .00 ; 

4C0.OC; 

330.eo; 
670 .00 ; 

400 .00 ; 

400,CC; 

500.OON 

400,ec; 
400.00; 

;OC; iO! 

4^^o.;̂ o; 
400.vO; 

4C.).oo; 

• - H j t r c 

phenol 

ppb 

400.OOO 

500.00! 

400.coo 
330.00-! 

330.00 ; 

400.00! 

400.00 ; 

400.00 ; 

400 .00 ; 

330.00< 

330.C0< 

500.00; 

400.000 

400.00! 

400.CON 

lOOCOON 

700.OON 

4CC00H 

400.OCH 

400.00! 

400.00! 

400.00; 

400.000 

330.000 

470.00; 

400.00; 

400.00; 

50;i,0CN 

-ico.oo; 
400.00 ; 

400 .00 ; 

4e.;i.oo; 

400 ,00 ; 

4 & o . o j ; 

4 - N i t r o 

pher.ol 

ppb 

2000.000 

2000.coo 

2COO.3O0 
3600.00 

3370.00 

2000.00< 

20b0.000 

2000.000 

2000.eo< 

5790.00 

1700.000 

2000.&0< 

2C0COO0 

2000.eo< 

2000.OON 

5000.OON 

4000.OON 

20CC.00N 

2000.CON 

2000.000 

2200.00< 

2000.00 ; 

2000.00< 

2630.OC 

2900.00 

20CCOC; 

2000.00; 

2000.OON 

2OCCCO; 

2000.00; 

2000.0c ; 

2000.oc ; 

2000.0c ; 

2000.00 ! 

4 -Ch l c rD -

3 -Ee thy l 

phenal 

ppb 

400.00; 

SOO.OOO 

400 .00 ; 

3400.00 

4690.00 

400 .00 ; 

400.CC< 

400.oe; 
400.0C< 

5470.00 

5320.00 

500.COO 

400.00! 

400.00; 

400.OCN 

lOGCOOK 

700. OCN 

400.CON 

400.CON 

403.GO; 

400.OOO 

400.00'! 

400 .00 ; 

2590.00 

2.370,00 

400,eo; 
400.03; 

SCO.C'.H 

400,0;K 

400,00; 

400.0C-: 

400.00: 

430 .00 ; 

400,oo; 

http://2CC0.CC


MARINE SEDIMENT SAMPLES 

SEMI-VOLATILEB (ACIDS) 

Sta Id 

T l -1 
T lO- l 

TlO-2 

Anl Event 

TDT ROUND-2 

TOT ROUND-2 

TOT RDUND-2 

T10-2-MS TOT ROUND-2 
T10-2MSD TOT ROUHD-2 
T l l - 7 
T12-1 
T16-1 
T16-4 

TOT RQUHD-2 

TOT ROUND-2 

TOT ROUND-2 

TOT ROUND-2 

T16-4-HS TOT ROUND-2 
T16-4HBD TOT ROUHD-2 
T18-2 
T2-1 
T2-5 
T2-6 
T22-1 
T22-2 
T2A-5 
T2A-50 
T3-2 
T3-4 
T3-S 
T3-6 
T3-6-rtS 

TDT ROUKD-2 

TOT RQUHD-2 

TCT RCUND-2 

TOT ROUND-2 

TOT ROUND-2 

TOT RQUND-2 

TOT R3UND-2 

TOT RDUKD-2 

TOT ROUflD-2 

TDT RCUND-2 

TOT RQUHD-2 

TDT fiDUND-2 

TQT ROUND-2 

T3-6-MSD TOT RCUND-2 
T4-2 
T4-2e 
T4-4 
TS-O 
T6-1 
T6-3 
TE-4 
TO-2 
TO-3 

TOT ROJHD-2 

TOT r(0UKD-2 

TOT ROUND-2 

TQT RQJND-2 

TQT RGUNr-2 

TOT SCi;hD-2 

TDT RCJKD-2 

TOT RGLiND-2 

TQT ROUHD-2 

- ASARCO 

Penta 

ch lo ro 
phenol 

ppb , 

2000,000 

2000.OOO 

2000.00; 

4300.00 

3680.00 

2000.00< 

2000.000 

2000.000 

2000.000 

6600.00 

931.00 

2000.00! 

2000.OOO 

20CO.OOO 

2000.OON 

5000.OON 

4000.OCN 

200C00N 

2000.OOH 

2000.000 

2200.000 

2000.oe< 

2000.00! 

3000.00 

2900.00 

2000.00; 

2000.000 

2000.OON 

2000.0c; 

2 0 ( 0 . 0 0 ! 

2000. .90-; 

2000.00; 

2000.00; 

2000.coo 

Phenol 
ppb 

400.00; 

sco.oo; 
400.00; 

3500.00 

4660.00 

400.OOO 

400.00 ! 

400.00< 

400.00; 

5140.00 

4760.00 

soo.oo; 
400.eo< 
400.00; 

400.CON 

1000.OON 

700.OOK 

400.OCN 

400.OOH 

400.000 

400.00; 

400.OOO 

400.00; 

2070.00 

2600.00 

400.00; 

400.0C< 

SCO.CON 

400.00 ; ' 

400.ec; 
400.00; 

400.oe; 
400.00; 
400.00; 

2 ,4 ,5 -T r i 
ch lo ro 

phenol 
ppb 

2000,00; 

2000.00; 

20C0.0G-! 

1700.00! 
i7CO.eo; 
2C00.00; 

2000.OOO 

2000.00; 

2000.00; 

1700.00; 

1700.00; 

2000.0G-; 

2000.00; 

20to .co ; 
2000.OON 

5000.OOH 

4000.OON 

2C90.00N 

2000.OON 

2000.00; 

2200.00! 

20oc.eo; 
2000.00; 

1700.00; 

33co.oe; 
2000.00; 
2000.cc; 
2000.CON 
2000.oc; 
20C0.OC; 
2000.00; 
230 j . 00-: 
2000,00; 
20CO,oo; 

2 ,4 ,6 -T r i 
ch lo ro 

phenol 
ppb 

400,OOO 

500.00; 

4OC.OO; 
330.000 

330.000 

40C0C0 

400.000 

4CO.OO0 

400.00-! 

330.00; 

330.00; 

soo.oo; 
400.000 

400.00 ; 

4C0.00N 

ICOO.OON 

•700. OON 

4C0.0CN 

400.OON 

400.00! 

400.000 

400.00; 

400 .00 ; 

330 ,00 ; 

670.00! 

400 .00 ; 

430,00; 

SCO,CON 

4 o c o c ; 
403,OG; 

4(>0.00< 

4C'3,00! 

400.00; 

400,cc; 

Bipheny ls 
ppb 

400,OCH 

SOO.OON 

400.OON 

330.OON 

330.OON 

400.OON 

400.OON 

400.OON 

400.OON 

330.OON 

330.OON 

500.OOK 

409.OON 

400.00 ; 

400.OON 

lOOCOON 

700..00N 

400.OON 

400.OON 

400.OON 

400.000 

400.00-! 

400.OON 

330.CON 

67C00N 

400.OOH 

400.OON 

sec.OCN 
400.OOH 

400.OCN 

400.OON 

400.0efj 

400.OCN 

40COON 

Dibenzo 

th iopheoe 
ppb 

400.OON 

s e c OOK 
400.OOH 

330.OON 

330,CON 

400,30?! 

4CC0GN 

400.CON 

400.OCN 

330.OOH 

330.OCN 

500.CON 

400.OCN 

4CCC0; 

4CC.00N 

1000.CON 

70G.OON 

400.OCH 

400.OON 

400.CON 

4CCC3; 

4C03< 

4oe.oc;i 
330.CON 

67C0e, i 

400.OON 

4C0.03N 

500. y.)i 

400.eu;i 
4C0.G0:>< 

4i'o.ec.»; 
400.OtN 

430.OON 

400.00;^ 

D iae thy l 

ana l i ne 
ppb 

400.OON 

500.OOH 

400.OON 
330.OON 

330.OCN 

400.OON 

400.COH 

400.OON 

400.OON 

33.0. OON 

330.OON 

500.CON 

40CeON 

40CiiO< 

400.OCN 

iOOO.OON 

700.OON 

4D0.C0H 

400.OON 

400.OON 

4CC0')< 

400.00 ! 

400.001; 

330.OON 

670,.)0N 

400.OON 

400,00:^ 

SCO.OON 

400,OCH 

400,001; 

400.OCN 

400.OOK 

4C3.00;t 

4CG,0C>i 

Methyl 

phe:',an 

th.-enes 
ppb 

400,OON 

5CC0:)N 

400.OCN 

330.CON 
330.OON 

40COOII 

400.OON 

400.OON 

4CC00N 

330.CON 

333.OON 

scceoN 
400.OOH 
400.00-; 
400.OON 

lOOCOON 
700.OCN 
400.CON 
400.OON 
4cceoN 
400.00; 

400.00; 

400.OCH 

330.OCN 

670.CON 

4C0.eCK 

400.OCN 

5CCGi)N 

400.OCN 

400.CON 

400.OOH 

43C0flN 

40Ci)0h 

4ecoc i i 

1 ae thy l 

(2 - i i e thy l 

ethylbenz 

ppb 

400,OON 

SCO,OCN 

400.OON 
330.OON 

33CeON 

400.OOH 

400.OON 

400.OON 

400.OON 

330.OON 

330.OON 

500.OOK 

4CCC0H 

400.OOO 

400.OON 

ICOO.OON 

700.OCN 

400.CON 

400.OON 

400.00;f 

400.00; 

400.00; 

4CCO0N 

330.CON 

670.00;-} 

400i-3CN 

4CC0CN 

500.COD 

43CeOH 

400.COH 

400.00?; 

400.ecu 
400.OOK 

400.OCH 



(iflftlNE SEDIMENT SAMPLES - (BAEE NEUTRALS, 

\ 

; 

1 

' : - • 

Sta Id 

T l - 1 

TlO-1 

I l O - l 

TlO-2 

Anl Event 

TOT ROUHD-2 

TOT RDLND-2 

TOT fiOUND-2 

TOT RDUND-2 

T10-2-HS TOT RC'JND-2 

T1C-2MSD TOT RGUHD-2 

T l l - 7 

T12-1 

T16-1 

T16-4 

T16-4-ME 

TDT RCUNC-2 

TQT RCUHD-2 

TCI RGUND-2 

TOT R0U. ' ;D-2 

TOT RQUHr-2 

T16-4HSD TDT ROUND-2 

Tie-2 

T2-1 

T2-5 

T2-6 

T22-1 

T22-2 

T2A-5 

T2A-50 

T>2 

T3-4 

T3-5 

T3-6 

T3-6-HE 

TOT ROUKD-2 

TOT ROLKD-2 

TQT ROUND-2 

TGT ROUND-2 

TOT RCUHD-2 

TOT RQUKD-2 

TGT RG'JND-2 

TDT RCU;-JC-2 

TQT R0i:ND-2 

TDT ftOUNti-2 

TQT R0L:ND-2 

TDT ROwJD-2 

TOT R3Uf;D-2 

T3-6-HSD TQT S3UHI-2 

T4-2 

T4-20 

14-4 

TS-C 

T4-1 

Tt-3 

T8-4 

TD-2 
Tn-.T 

•; 

TQT R u m - 2 

TGT RCyviD-2 

TOT m n > 2 

TQT R0j;<D-2 

TOT RGLiHr-2 

T'3T .naUKD-2 

TQT FOUND-2 

TOT RGUND-2 
THT RGUi<&-'J 

._ —. _-

Ace 

naphthene 

ppb 

400.00 ; 

SOO.OOO 

500.OOO 

400.000 

2480.00 

2070.00 

400.0C< 

510.00 

400 .00 ; 

400.090 

2600.00 

2720.00 

5 0 0 . 0 0 ; -

400 .00 ; 

400.000 

400,OON 

1 OCC OOH 

700,00:^ 

400.OCN 

400,COH 

400 ,00 ! 

4CCCG; 

400 .00 ; 

400,CO; 

1230,00 

1200,'00 

400 ,03 ; 

400.oc; 

S 'JCOOH 

430 .00 ! 

400,C3( 

400,oo; 

400.oc; 

400.00; 

400 f l-*; 
— • . _ - . . . . , . 

Acenaph 

t h y i ene 

ppb 

400 .00 ; 

5'Oceo< 

500 ,00 ; 

400,000 

330. '30; 

330.000 

400.0C< 

400.00< 

400 .00 ; 

4CC0C; 

330.ec< 

330.000 

500.OOO 

400 .00 ; 

409 .00 ; 

400,CON 

]OCC.COH 

7CCO0H 

400.OON 

400.OON 

400 .00 ; 

400 .00 ; 

400.co; 

400 .00 ; 

33C.eo; 

o7CG0; 

400 ,00 ; 

403,oo; 

500, eo;̂  

4C3,00; 

400.00; 

400.00! 

400.oc; 

400 .00 ; 
H A >:>r>{ 

A n i l i n e 

ppb 

400.00; 

500.00; 

50C:)0< 

4GCC0; 

33CCC0 

330.000 

400.00; 

400,00< 

400,00; 

400,30; 

330,3o; 

330,30; 

500,CO; 

400.eo; 

400,oo; 

400,oo; 

• i 

t 

400.00 ; 

4 0 c c ; ; 

400.oc; 

400 .00 ! 

400 .00 ; 

4oe.oc; 

330. ;.c; 
i 

400.OO­

OOO.OO; 

530, ;:c; 

400.00; 

400,0-3; 

400.30; 

400 ,00 ; 

400 ,30 ; 

40;i,00; 
. 

A:^.thracne 

ppb 

400.000 

500.000 

503.00! 

4Co.eo< 

330.oe< 

330.00; 

409.00< 

400.00! 

400 .00 ! 

400.000 

330.0C< 

330.OOO 

500.0C< 

400.03< 

4C0.C0; 

4CC0eN 

leoe.ooH 

7CCG0N 

4C0.00H 

400.OOH 

400 ,00 ; 

4Ccco; 

iCCOO; 

430,ce; 

330.oc; 

340.00^ 

400.00; 

sco,co; 

500. ON 

4C0.03; 

400.0G-; 

403,oc; 

4 ) 0 , 3 0 ; 

4 0 0 , ) 0 ; 

'5i)3,oo; 
— -^-

Benzidine 

ppb 

3000.oo; 

4000.C0< 

4000.00-! 

3000.00; 

2700.00; 

2700.000 

3000,00; 

3000,00; 

3000,00; 

30CC0C; 

2700,00; 

2700,000 

40cceo; 

3000,oc; 

3000.00! 

3000.00; 
i 

« 

3000.00! 

3000 .00 ! 

30CCOOO 

3000,00 ; 

30C0.C0; 

3000 .00 ! 

2700 .00 ; 
t 

3G03,0C 

iOC.'i.oo; 

4000.00; 

3000.0G-: 

3000,3c ; 

3003.00 : 

3303.00; 

3000.00; 

Tooci ic; 
. 

BenzD(d; 

anth.-oCfie 

ppb 

400.GO; 

ICBCOO 

1060.GO 

400 .00 ! 

33CCD; 

33CG0; 

400.oc; 

4130,00 

403 .00 ; 

400 .00 ; 

330 .00 ; 

330 .00 ; 

500 .00 ; 

403 .00 ; 

400 .00 ; 

400.OOH 

1oeo.COH 

700,OON 

400.00:-; 

400.OOH 

400,00-^ 

400vOo; 

400.30; 

405 .00 ; 

330.00-; 

310,30: 

4 3 0 . : D ; 

i i i i . ' I -.'•-' 

300, : : i - ^ 

1053.;^3 

403,OO; 

400 ,00 ; 

Teo,: :3 ' 

4CO.00' 

40'i..->U 

Benzofa) 

pyrene 

ppb 

400,000 

700,00 

7CC0C 

400 ,30 ! 

330.00< 

330 .00 ; 

400,cc; 

i iBceo 

400,GO; 

400.00; 

330,000 

330,09; 

SCO.OO; 

400.00; 

4ce,oc; 

400,OOH 

10C3.CCN 

700.CON 

430.CON 

400.COH 

400.oc; 

400 .30 ; 
400 .00 ; 

430.3C; 

333 .00 ; 

i-icoo-; 
4C-:'..0;-. 

40'I.oo-: 

SOO.OOli 

Bt;.-,0;;-

400 .00 ; 

4 0 3 . O i ; 

400,00 ; 

403.30-: 

iOi'i.oo; 
• ^ — • 

Benzo lb) 

f l u o r 

anthene 

ppb 

400.COO 

lOBO.OO 

1080,00 

400,00; 

330,00; 

330,00! 

4C0,0C< 

2540,00 

400,00; 

400,oo; 

330,000 

330.00; 

5'30.00< 

40CGC; 

400.00; 

400.OON 

1000.OCN 

700.OCN 

403.COH 

403.CON 

40 t .e3 ; 

400.ce; 

430.00; 

400.030 

330.00; 

340.00; 

430.00; 

403.00; 

SOCOCN 

2923.30 

400.00. 

430.30; 

4;.o.oc; 

430.3o; 

40ri.oo; 
• _ . - — • _ 

Benzo 

( g , h , i ) 

pe ry lene 

ppb 

400.OOO 

SCCOO! 

500.OOO 

400.0C< 

33C000 

330.OOO 

400 .00 ; 

400 .00 ; 

400.000 

400 .00 ; 

330.ec< 

330.eo< 

500 .00 ; 

4CCOO0 

400 ,00 ! 

400,CON 

1 OCC OON 

7CCO0H 

400,OON 

400,OOH 

40CG0; 

' i o c o o ; 

400,00! 

430,00; 

330.OOO 

340.00; 

400.00! 

403.00; 

500.OON 

400.ce; 

403.eo; 

4 io.ce; 

4C3.GC! 

4C3.cc; 

400.00; 
.- , ._ 

Ber.zoi t ) 

fl'j-jr 

anthene 

ppb 

400.00 ; 

500 .30 ! 

SOO.OOO 

400 .00 ; 

330 .00 ; 

330.oeo 

400 .00 ; 

400. ec! 

400.oc; 

400.OC! 

33C,C0! 

330,00; 

500,00! 

400.00; 

4cce&; 

40C0C?; 

1000. CG!l 

7C0.0CN 

400.CON 

4co.cc;'j 

4OC0C; 

400.00 ; 

430.00! 

400.00! 

333 .00 ! 

340 ,3c ; 

400.30. 

400.03: 

2\.''-j, ; i ' / . i 

4CC.30; 

400 .00 ; 

403,oc; 

40;.. 00; 

403 ,00 ! 

4C0.Ot;\ 
; ,̂.-_ _ '̂ 

3en :y l 

A lcoho l 

ppb 

400.00 ; 

500 .00 ; 

50CGO! 

400.CO; 

330 .00 ; 

330 .00 ; 

4CC.G0; 

430.GC< 

400.OC' 

400 .30 ; 

330.oc; 

330.030 

soo.oo; 

400 .00 ; 

400.00; 

400.OOK 

1000.03)1 

700.OOH 

400. OCN 

403,OCN 

400.00: 

430 .00 ; 

400.00! 

4C3.0C; 

330 .00 ; 

673,oo; 

400 ,00 ; 

400 .03 ; 

53C33:i| 

4 0 3 , 3 ( ; 

4G3,O:K 

' 4 C C 0 3 ; 

4.'^C30; 

400.00; 

400.oc; 

bii(2-:hl 

orcEtho«v 

laethane 

ppb 

4cc,ec; 

SCO.000 

503.000 

400.00; 

333.cc; 

330.0C{ 

400.oc; 

400.00; 

400.0C; 

400,oe< 

330.0C< 

330,000 

500,03! 

400.00; 

400,GO; 

40C,0CN 

1OGO,OCN 

700.OCH 

4C3.eCN 

400.OCN 

403.03; 

400.00; 

4C0.0&; 

400.co; 

330 .03 ; 

470.ec; 

403.co; 

400.00; 

530,OCH 

403.oc; 

403. CO-! 

430.00; 

400.00; 

403 ,00 ; 

400.ceo 
V , 

http://4C3.cc


HARI!;E ' 

sta Id 

T l - 1 

TlO-1 

TlO-1 

TlO-2 

:EDIMENT SAMFLi 

Anl E'.ent 

TOT ROUHD-2 

TOT ROUND-2 

TOT RDUND-2 
TOT ROUKD-2 

T10-2-HB TDT R0U.f.'D-2 

T10-2MBD TOT ROUND-2 

T l l - 7 

T i2 -1 

T16-1 

T16-4 

TOT ROUND-2 

TQT ROUKL-2 

TOT ROUND-2 

TOT RCUHD-2 

T 16-4-MB TOT RO'JND-2 

T16-4HS0 TOT ROUXD-2 

Tia-2 
T2-1 

T2-5 

T2-6 

T22-1 

T22-2 

T2A-5 

T2A-S0 

T3-I 

T;-4 
T3-5 

T3- t 

T3-6-M5 

T3-6-KS 

14-2 

T4-20 

T4-4 

T5-C 

T6-1 

T6-3 

TB-4 

TO-2 

TO-3 

TOT RDUND-2 

TOT RCUKD-2 

TDT ROUKD-2 

TDT ROUND-2 

TOT R0L:HD-2 

TOT R0U.-iD-2 

TGT ROUND-2 

TOT ROUHD-2 

TOT RDl;ND-2 

TOT RGUND-2 

TQT RCUND-2 

TOT RDU,>iD-2 

TCT RQyKD-2 

) TGT RCL^Nl;-2 

TOT RCUH2-2 

TOT FGUN3-2 

TCT m > i l - 2 

TQT RGI;ND-2 

TOI RGliKD-2 

TGT RDJND-2 

TCT ROUND-2 

TGT RGLlKD-2 

TOT ROUliD-2 

:S - (BABE HEUTRALB) 

bis(2-chl 
oroethyl) 

ether 

ppb 

400,000 

500,00; 
500.OOO 

400.00< 

330.00! 

33,0. OOO 

400,OOO 

400,000 

400,000 

400,000 

330.COO 

330.000 

50C00< 

400.00; 

400.000 

400.OON 

1000.OOH 

700.OON 

400.CON 

400.OCN 

400.000 

400.00-; 

400.OOO 

400.00; 

330.00! 

47c.ee; 
400.00! 

400.000 

500.OON 

400.30! 

400.ce; 
400.00; 

4&3.0C! 

400.oe; 
40COOO 

bis(2-chl 

oroisopro 

pyDether 

ppb 

400.00! 

SCO.OC! 

500.eco 
4ccoo; 
330.000 

330 .00 ; 

400.ooo 

400.coo 

400.00< 

400.CO! 

330.00; 

330.COO 

SCO.GOO 

40C.OOO 

400.00; 

400.OOK 

1000.CijN 

700.CON 

400.OON 

400.OON 

400.0G< 

4C0.30; 

400.COO 

400.00! 

330.00; 

670.00; 

4i(CCC; 

4C0.ce; 
50;-. OCN 

40CGO; 

400.00; 

400.00; 

400.00! 

400.00! 

400.00; 

bis(2-eth 

ylhexyl; 

phthal&te 
ppb 

400.OG; 

3319.00 

3310.00 

400,co; 
330,00; 
330.30 ; 

400.00! 

400.30! 

400.oo; 
400.30; 

330.00! 

330.30; 

5ecoo< 
400,00! 

400,00; 

400.OON 

1000. OC-I 

700.COH 

400.OCN 

4cceeH 
400.00! 

400.00; 

400.00; 

400.oc; 
33G,30; 

340.30; 

4G3.C3; 

433,00, 

500,OCN 

403.03; 

430.30; 

400.00; 

400.30; 

4C3.>..); 

400.00; 

4-frofl 'ooh 

enyl-phen 

y l ether 

ppb 

400.00; 

500.000 

5ccoo ; 
4-30.00; 

330.00; 

330.00; 

400.000 

400.00; 

400.00; 

4CCCO0 

330.00; 

330.00! 

SCCOO! 

400.00! 

403,0C< 

400,OON 

SOCCOON 

700.OOH 

4CC0CN 

4CC00N 

400,30! 

400,00; 

400.00; 

400.00! 

330.00; 

34 i , 3C ; 

403.0c; 

4; '3 .03; 

503, CON 

:,e3.oc; 
400,00; 

4C3.00; 

40coc; 
403,00; 

400.03; 

Butyl 

benzyl 
phthalate 

ppb 

400,00; 

500,oc; 
500,oo; 
4OCOC0 
330.00; 
330,0C< 
400,OOO 
400,00-! 
400,OOO 
400.000 
330.0'D! 
330.oc; 
500.00< 

400.00; 

400.oo; 
400,OON 

1 OCC OON 

700.CON 

400.OON 

400.OON 

400.000 

4ocoo; 
400.00; 

4CCOC0 

330.00; 

340.0'3; 

400.CC! 

400.00; 

:03CG3J 

400,03; 

400,000 

40C0C< 

400,00; 

400.OOO 

- 400.00! 

4-ChkrD 

ani l ine 

ppb 

430.30; 

scc.oo; 
500.00-; 

400.00; 

330.00; 
330.00! 

400.00! 

4CCeC; 

4ccce ; 
400.00; 

33CG0; 

330.00! 

500.00; 

400.CO; 

403.oc; 
400,00?; 

lOOCOON 

700,CON 

4ecoc;-i 
400.CON 

400,30; 

400.30; 

400.00; 

m.m 
3Jc.oe< 
67C.0O: 

430.30; 
4:C0)-. 

300, colli 

400,OvO 

4CG.30; 

430.30; 

400,33; 

4Cf.C3-̂  

400.03; 

2-Chlcro 

naphthlne 

ppb 

400.00; 

sco.oc; 
500. CX 
400.00; 

330.000 
330.00 ; 

40CC0; 

400.00! 

400.00.; 

400.000 
330.00; 

330.oe; 
500.00; 

400.00; 

400.000 

400.OCN 

1000.OCH 

700.OCN 

400.OON 

4C0.09H 

400.00; 

400. oo-; 
400.00; 

403.00; 

330.oc; 
470.000 

400.00 ; 

400.00; 

530.OCH 

400.00; 

4C0.O0; 

'400.00-: 

403. Of;.; 

400.00; 

400.00; 

4-ChlorDp 
henyl phe 

nyl ether 

ppb 

400.OOO 

sec OOO 
5 0 C 0 0 ; 
400.00-! 

330.00! 

330.00< 

400.00; 

400.00; 

490.co; 
4C0.00; 

330.000 

330.09; 

503.000 

400.000 
400,000 

400.OON 

lOOCOON 

7C0.00N 

400.CON 
400.OCH 

4DC0C< 

4CCO0; 

400.oe; 
403.oeo 
3.1.0.00; 
340.30-; 
430.30; 
403.oc; 
500,OON 

430,30; 

400,000 

430,00; 

4-30,-3o; 

4cceo-! 
400,00-; 

Chrysene 
ppb 

400,00! 

1910.00 

1910,00 

400,000 

330.00; 

330,000 

400,000 

7190,00 

400.coo 
400.000 

330.0C< 

330.000 

500.000 

400.00; 

400.000 

400.OON 

1000.OCN 

700.CON 

400.OON 
400.OON 

400.00< 

400.OOO 

4.30.00; 

403.COO 

330.00; 

34CCO0 

400.00! 

4'30.0C; 

seceofi 
1650.00 

400.cc; 
400,00; 

• 400,OOO 

400.CCK 

4CCO0; 

Dibenzo 

( Q , h / 

anthracne 

ppb 

400.OOO 

500.0'J; 
500.ce; 
400.300 

330.co; 
330.00; 

400.'30; 

400.00 ; 

400.03! 

400.OC; 

330.0c; 

330.00; 

SOC.OC; 

400.00; 

4CC00< 

400.OOH 

lOOCOCK 

700.OCH 

400.OCN 

400.OCH 

4CC0e; 

400.000 

• 400.00; 

400.OC; 

330.00! 

340,00; 

400,30! 

400,00< 

SCCOCii 
400,00; 

403,030 

400.00; 
4C0.OC; 

490.oe< 
400.00; 

Dibenzo 

f jran 

ppb 

4C0.0C-! 

scc.oo; 
SOC.CO! 

400,00; 

330,300 

330,000 

400.00! 

1900.00 

'.CO. 00 ; 

400.COO 

330.oe; 
330.00; 

SGC.CG; 

400.00< 

400.000 

400.OCN 

lOOCOON 

700.OCH 

40C00fi 

400,OCN 

400.00! 

40G.OC! 

403.00; 

400.00! 

330.00; 

340.33! 

430. ;ic; 
400.00; 

503. CON 

400.-30! 

400.30; 

400.00; 

400.00: 

4ccoc; 
400.00! 

1 , ^ 
Dicloro 

benzene 

ppb 

400.00-; 

500.030 

500,ooo 
4ccoo; 
330,OC! 

330,00! 

400.000 

400,00 ; 

400,000 

400.OOO 

330,00; 

330,CC< 

500,000 

400,00; 

400,00; 

40C,e0N 

1009,COH 

7eco&N 
4C0,0CH 

400,-OON 

400,00-; 

4CC030 

400.ec; 
400,00; 

330.oc; 
670. ot-; 
430.co; 
4iCG'0; 
500,00)) 
403.oc; 
403.000 
400. (io-; 
400.000 

4CCOO0 

400. OC! 

http://47c.ee


MAfilKE SEDIHE.'JI SAIIPLEB - (BASE NEUTRALS) 

Sta Id 

T l -1 
TlO-1 

TlO-1 

TlO-2 
T10-2-ME 

Anl Event 

TOT RCUND-2 

TDT RCUKD-2 

TQT F3UND-2 

TOT ROU);D-2 

TQT ROUKD-2 

T10-2HSD TOT ROUKD-2 

Tl l -7 

T12-1 

T16-1 

Tl i -4 

TOT RCUHD-2 

TGT R0'JK9-2 

TQT R3UHD-2 

TDT f i u M - 2 

T16-4-HS TOT RQU;<D-2 

T16-4t;SD TOT RDUND-2 

TlB-2 

T2-1 

T2-5 
T2-6 
T22-1 

T22-2 

T2A-5 

T2A-50 

T3-2 

T3-4 

T3-5 
T3-i 

T3-6-HS 
T3-i-K3D 

T4-2 
T4-20 

T4-4 
T5-0 
T6-1 

T4-3 
TS-4 

TO-2 

TO-3 

TCT ROUND-2 

TGT RGUND-2 

TOT RCUNC-2 

TOT RGUND-2 

TOT R3UND-2 

TDT RDLif;D-2 

TQT ROUSD-2 

TOT ROUND-2 

TQT RaUNC-2 

TOT ROUND-2 
TCT ROUKD-2 

iCT FQUf;D-2 
TGT ROliKD-2 
TOT RDUI;D-2 

TOT F,DUKD-2 
TOT RGJHD-2 

TCT RGUKD-2 
TGT RGi:i;D-2 

TOT RuUKO-2 

TOT RQlKC-2 

TCT RGUND-2 
TOT ROLiKD-2 

TQT RDUKD-2 

1,3-

D i c h l o r o 

benzene 

ppb 

400.OOO 

SOO.OOO 
500.000 

400.0C< 

330.OOO 

330.OOO 
4CO.CO0 

400.000 

400.000 

400.00< 

330.OOO 

330.000 

soo .oo ; 

400.oo; 

400.00< 

400.OCN 

lOOCOON 

700.OCN 

4CC0CN 

400,3CN 

4C0,0C 

400.00 ; 
4ccco; 

4&COO0 
330.00; 

47ceo; 

400.oo; 
400.00: 
SCO.CON 

400.00; 

400,00; 
4 0 c e e ; 

400,03; 
400,00; 

400.oo; 

1,4-

Dichloro 

benzene 

ppb 

400,oo; 

500,0C< 
500,000 

400,00! 

2140,00 

3190,00 

400.000 

400.0C< 

400. CC-! 

4ccoe< 

2230.00 

2320.00 

SOO.OOO 

400.00< 

400 .00 ! 

400,OON 

lOCCOOI-J 

700.OOH 

4CCC3N 

400,:)eN 

400,00! 
403 ,00 ! 

400.00; 

4 C c o c ; 
1030.00 

S30.00 
433 .cc ; 
400.ec ; 
SCO.OON 

400.00; 
400.00! 
403.00 ; 

400.oc ; 
400.oo; 

4 0 c e o ; 

3 , 3 ' -

D i t h l c r o 

benzidine 

ppb 

700.000 

900.00! 

909.00; 

600.00< 

470.00! 
67O.O90 

9CC.CO0 

900.30! 

eocoo< 

8CCC3; 

660.0'O; 

660.00; 

9(0. OG; 

700.00! 

800.030 
BOO.OON 

20C0.CCN 

1000.OOK 

BOO.OON 

300.3CH 
8C3.03; 

91-0.30; 

EOCf)C; 

900 .30 ; 
47C.0C; 

450.03; 
BOO.OO; 

9:0.03; 

ICC3.OON 
9:.c:u); 
7G0.CO; 

830.00.; 

BOO.30; 
700.33! 

700.00; 

Diethyl 

phthalate 

ppb 

4OG.OO0 

500,000 

500.00! 

400.000 

330.OOO 
330.000 

400. eo; 

490.C0< 

40COC0 

400.OOO 

330,00! 

330,00; 

500,oo; 

400,000 

4C0,CG< 

400,OON 

1C00,00N 

7CC0eN 

400, OON 

4CCCCN 

400,30; 

400,00; 

400,00! 
400.00! 

330,30; 

343.oc; 
-:C3.3e; 

403.00; 

5:CO0H 
403,30; 

4Ccco; 

430.00; 

400.3C; 
400.00; 

400,eo; 

Disethyi 

phthalate 

ppb 

4CfCO0< 

SOCOQO 

500,000 

400.OOO 

330.000 

330.00! 

400.00; 

400.oo; 

400.00; 

400.0C( 

330.0C< 

330.00-! 

soo.oo; 

400.00; 

400.00; 

400.OOH 

1 eoc OON 

700. cop; 

400.OCN 

400,OCH 

400,00-; 
400,03; 

400.3o; 

400,00; 

330,co; 
470,oc; 

4co.eo; 

400,cc; 
500.OCN 
4Ccoo; 

430,oc; 

430.oo; 
400.oe; 

400.00; 

400.30; 

C i -n -

t u t y l 

phthalate 

ppb 

4CC30; 

500.CC; 

secoe-; 

400.00< 

330,00! 

330.00; 

4C0,30; 

400.00! 

400.3G; 

4!)0.30; 

330.co; 

330.00; 

500.00! 

400.30; 

400.30! 

400.CON 

loecooi'i 
700.OCN 

400,CCK 

4ec3e:v 

4CC03; 

4(0.00-; 
400.30; 

430. ^.;;; 

333. CO-: 

340.3.:; 
433.0;; 

400.OC: 

5C3.3u'; 

m.'fi,.. 
430,03; 

430,; 3-, 

403.00: 
403, : t ; 

403.33( 

2,4-

DinitrG 

. toluene 

ppb 

400,CO; 

sccoo; 

500.coo 

400.00; 

2330.00 

1890.00 

400.COO 

400.OC; 

400.oc; 

40CC0; 

2980.00 

2150.00 

SCO.0O< 

400.OC! 

400.00; 

400.OCN 

1 OCC 000 

7eC:.iOH 

400.OCN 

400,OCN 

4CC.0O; 

4CG.O0; 

430.30; 

400.03; 

333.oc: 

133CG0 
4Cfi,0C; 

403,03; 

533..;.CN 
4CC.CC-. 

403.00; 
iCO.OC; 

40C33; 

403.00; 

400.00; 

2,6-

Dini tro 

toluene 

ppb 

400.00; 

500.00; 

scc.oo; 

400.00; 

330.coo 

330.000 
400.00! 

400.00; 

430.00; 

400.00; 

330.00; 

330.00; 

503.oc; 

400.coo 
430.00; 

400.OCH 
ICOO.OOfi 

7CC00N 
4ecoo;') 

400.00;) 

4CC0C; 

4C3.00; 

400,3o; 

400.oc; 

330,00; 

34;'.,C&; 

400,30; 
433,30: 

501. OON 
4CC0C; 

4i'3.00: 
4i'3.O0; 
403. (.'O; 

400.vO; 

403.33; 

Di-n-

Octyl 

Phthalate 

ppb 

400.00< 

500.OOO 

500.000 

40COO0 

330.00-! 

330.00; 

400.OOO 

40COO< 

400.000 

400.000 

330.OOO 

330.000 

500,00! 

400,000 

400.00; 

400,OOH 

IOOO.OON 

700.CON 

400.OON 

400.OCN 

4ecou; 

400.00; 

400.oc; 

4^.0.00; 

330.000 
, j4Coc; 

400,30; 

4GC30; 

1220.00.) 
400.00! 

400.03; 
403.jc; 

430.00; 

4CC0C; 

40CC0; 

Fluor 

anthene 

ppb 

400.00! 

3510.00 

3510.00 
400.00; 

330.C0< 

330.eo< 

400.0C( 

43600.00 

400.03; 

400.co; 

33C30; 

330.0C< 

509.03; 

409.00; 

430.00! 

400.OOH 

10CCC3N 

700, oci; 

400,COH 

400,00!; 

403.00! 
400.03! 

400.03; 

4(0.03: 
330.03! 

340.3C^ 

400. C!'; 
430.03; 

300.CON 

6210.00 
400.33; 
400.30; 

400.00; 

4co.cc: 

403.03; 

Fluorene 

ppb 

400. cc; 

500.00; 

500.00; 

400.00; 

330.000 

• 330.00! 

4CCO0; 

400.3.x 

• 400.300 
400.3C; 

330.CO; 

330.C0< 

socec; 

400.030 

400.00; 

4CC30fl 

ICOO.OOK 

730,CON 

400,00); 

400,OCN 

400,03; 

400.03; 

430,3o; 

4;.0.00; 

.;3coo-; 

340.co; 

i3c.;:C; 
400.00-

500,OCH 

403,OC; 
403,30^: 
403.;:0\ 

403.oc; 
403,03; 

^00,30; 

Hexa 

chloro 

benzens 

ppb 

409,oe; 

500,eco 
soo.oo; 

400.00! 

330.00; 

333.00! 

400,00; 

403,oo; 

400,oo; 

';CC0C! 

330,00; 

330,00; 

SCO,coo 

4G0.0C; 

400.00; 

400,OCN 

ieco.OCN 

7GC00H 

400,OCN 
400.3CH 

400,cc; 

403,00; 

400.oe; 

400.cc; 

3;:o.3o; 
343,30< 

4cccc; 
400,co; 

SCO.OCH 

400. C'O; 
4 3 c e o ; 

4Ce.0O; 

rococo 
');:'e.oc; 

400.OC! 

http://4co.cc


MARINE BEDlMEi'JT EftMFLES - (BASE NEUTRALS) 

Sta Id Anl Event 

He;.a Hexachlor 

chloro ocyclopen 

butadiene tadiene 

ppb ppb 

He;<a In-Jeno 

chlcro (1,2,3-cd Iso 

etnane Pyrcr.e phorone 

ppb ppb ppb 

2-?lett!yl 
naphthlne Haphthlne 

ppb ppb 

2-Nitro 
aniline 

ppb 

3-Hi tro 
aniline 

ppb 

4-Hitr-D 
a n i l i n e 

ppb 

K'i t r c 
beize.-.e 

ppb 

N-\ ' i tro50 
Jiftethyl 

aj:!ine 

ppb 

Tl-1 

TlO-1 
TlO-1 
TlO-2 
TlC-2 

TaT fiOUKD-2 
TOT RCUHD-2 
TQT ROUfiD-2 
TQT ROUND-2 

•MS TOT ROUND-2 

T10-2HSD TOT F.OUND-2 

Tll-7 TOT ROUKD-2 

T12-1 TQT RDUND-2 

T16-1 TOT ROUND-2 

T16-4 TOT RQUKD-2 

T14-4-MS TOT R0UN3-2 

T16-4HSD TOT ROUKD-2 

TlB-2 

T2-1 

T2-5 

72-6 

T22-1 

T22-2 

T2A-5 

T2A-50 

T3-2 

T3-4 . 

T3-5 

T3-6 

T3-fc-HS 

TOT ROUND-2 

TOT ROUHD-2 

TQT ROUND-2 

TOT RDL'HD-2 

TOT RCUND-2 

TOT RCUHD-2 

TOT FOUKD-2 

TOT RDUND-2 

TOI ROUKD-2 

TDT ROUKD-2 

TCT RDLHD-2 

TDT RCUKD-2 

TOT RQUt:D-2 

T3-6-MSD TDT K m - 2 

T'i-2 

T4-20 

T4-4 

T5-0 

T6-1 

T6-3 

TE-4 

TO-2 

TO-3 

TOT RG3KD-2 

TOT f:0U).D-2 

TOT RDUKD-2 

TQT RQUKu-2 

T3T POUND-2 

TOT r;3:jND-2 

TOT ROUND-2 

TOT RDUND-2 

TOT R0U;\D-2 

400.000 

500.000 

500.000 

400.000 

330.oo; 

330.000 
400.00< 
400.00! 
400.000 
400.00; 

330. (iO( 

330.000 

500.00; 

400.000 
400.00! 
400.OOH 

lOCCOON 
700.OON 
400.OON 
409.OON 
400.OOO 
400.000 
400.00! 
400.000 
330.00; 
670,00; 
400,00< 

400,00; 

503,OCH 
400,OC! 

4 00, CO-; 

400,300 

400,OOO 

400,00; 

4oceo! 

400,000 
sccoc; 
500,00; 
400,090 
330.00; 
330.00< 
400.000 
400.OOO 
400.OOO 
400.00( 
330.00< 
330.00; 

soo.oo; 
400.coo 
400.00; 

400.OON 

IOOO.OON 

700.00.i 

400.CON 

400.OON 

400. oc: 

400.00; 

400.000 
400.00-! 
370.ec; 
670.00; 
400.00; 

400.00; 

500,OOH 

4)0 ,oc ; 
400.00-; 
400.3C< 
400.30; 

100.oo; 

400.00! 

4CC0C; 
500.00! 
sccoo; 
400.00; 

330.CO; 
330.00; 
400.00; 

400.000 

400.00; 

400.oe; 
330.0C< 
330.00; 
500.00' 
4CC00; 
400.00; 
400.'JON 

i000.CON 
700.CCK 
400.OCN 
400.COH 
400.03( 
403.00; 

33; 

00; 
3C; 

400 

400 

330 

67C3C-' 

103.30; 

433.0C<: 
500.OON 
400.OC; 
400.00; 

403.00; 
400,30; 
403,00; 

400.00; 

400.00; 

503.00! 
500.CO! 
400.OOO 
330.00; 
330.00; 
400.C0< 
470.00 
430.000 
400.000 

330.00! 
330.000 

5co.eo< 
403.COO 
4'30. COO 
40C0C.N 

ICOO.CON 
700.OON 
400.OON 
400.OOM 

-iccoo; 
403.00-! 
400.00; 

400.0C< 
330.000 
343.30; 
430.30; 
403.30; 

sco.oo;: 
403.30; 
4C3.03! 
400.00; 
400.00; 

400. ;ic; 
400.ce; 

400,00; 

500,000 

500,00; 

400.00; 

330.000 
330.000 
400.000 
400.000 
4GCOO0 
400.000 
330.COO 

330.oc; 

soo.oo; 
400.00; 

400.oo; 

400.OON 

ICOO.OON 

700.OCN 

400.OON 

400.OOM 

400.C'0( 

400.00! 

4CO.O90 

400.00! 

330.000 

670.eo; 
400.00; 
400.00! 
SCO.COH 
400.30; 

4CCyC< 
400.00< 
4C0.30; 
400.00; 
400.00; 

400.00; 

500.000 

500.00; 

400.cc; 
330.00; 
330.G3< 

400,00; 

400.00! 
400.000 
400.00; 
130.00; 
33.0.0c; 
500.30; 
400.CC< 

400.00; 
m.ooti 
1000.CON 

7C0.00N 

400.OCN 

430.OCN 

400.00: 
400.00; 
400.00; 
400.oc; 

330.00; 

479.33; 
403.30; 
400,00; 
500.OOH 
400.03; 
403.00; 
400.30'; 
400.00, 
400.30! 
430.30; 

400.00; 
500.000 
SOCOCO 
400.30! 
330.oc; 
330.00; 

400.00'; 

400.oe; 
400.000 
4C0.CO( 
330.00; 
330.00; 
500.00; 
4C0.OO; 
400.00; 

400.OCN 
lOCCOON 
700.ODN 
400.OCN 
400.OON 
400.00; 
400.00; 
40G.0(K 
400.00! 
330.00' 
A7G,GC; 
400.00; 
JA.-i ' i f l ' 
^ V V , V V \ 

SOCOOil 
400.00; 

4co ,ec : 
400.3C< 
430.00! 
400.00! 
400.00; 

2G0COO0 

2000,000 

2000,00; 

2000.000 

1700.00! 

1700.00; 

2000.00; 

2000.000 

2000.00; 

2000.000 

1700.00; 

17C0.0C< 
2000.000 
2000.00; 

2000.000 

2000.CON 
SOCCOON 
4000.CON 
20C0.09N 
2000.OON 
2030.00; 
2290,00; 
2000.GOO 
2000,000 
170C0O< 
330C0G; 
2003.030 

iCC^i.oo; 
2030.OON 
2000.00; 
2000.03; 
2000.oc; 
2000.00; 
2000.30-; 
20CC0C; 

2000.oe; 
2000.OOO 
2090.0D< 
2000,00; 

170COO< 
1700.000 
2000.0C< 
2000.00! 
2000.00-! 
2000.coo 
170COOO 
I700.0C< 
2000.000 
2000.OOO 
2009.00; 
2000,00.'; 
SOCCOON 
4000.OON 
2000. OfJN 
2000.OON 
2000. C0< 
2200.00! 
2OCCO90 
2000.0c; 
1700.00; 
173CO&0 
2000-000 
2000,CO! 
2000.eCN 
2!i00.C0; 

2000.co; 

2000=00< 

2000.00; 

2030.00; 

20CC00-! 

2CCC00! 

2000.00; 

2000.oc; 

2000.co; 

1700.00; 

1700.00! 

2000.00; 

2000.cc; 

2000.00! 
2000.00; 
170C00; 
1700,00! 
2000.00! 
2000,300 
2000.00; 
2000.OCN 
5000.001, 
4000.CON 
2030.OON 
20CO.OOH 

2oecfo; 
2200.'30; 

2000.00; 

200C,03; 

1700.00; 

1700.30; 
2009.00; 
200c 00; 
2ooe.eoti 

2000.00; 

20CC30; 
2oece3< 
2C00.00; 
2000.coo 
2000.30-! 

400.00; 
500.cc; 
soccc ; 
400.00< 

330.00; 

330.000 

400.00; 

400.oc; 
ioo.oo; 
400,ec; 

330.000 

330,090 
sccoc ; 
4CC0C; 
490,0-3; 
40C&0,'i 

1300.CON 
700.OCN 
400.-iCN 
4CO.OCN 
400.03; 

403.0;-; 

400.09; 

400.000 

330.oc; 
670.30.; 
403.00: 
400,00; 
533.OOH 
400. ;i0; 

400. (tO< 

'Kicec; 
403.00; 
403.00! 

403.oe< 

400.000 
500,CG< 
500.09! 
400.00! 
333.0C< 
330.OOO 
400.000 
403.00; 
400.00! 
4CCOO0 
330.0;H 
330.000 
SCO.OOO 

400.00:^ 

400.00; 

409.00! 

4eC0CN 

4eC0'3N 
4ccoe; 
400,00; 

403.ooo 

400.oc; 
333.00; 

400.00; 
43C0C; 
5eC33N 
433.00; 
iyCCCO 
400.00< 

400.CG; 

400.00; 

400.OOO 



MARINE SEDIMENT SAHPLES - (BASE NEUTRALS) 

Sta Id 

Tl-1 

TlO-1 

TlO-1 
TlO-2 

Anl Event 

TQT ROUND-2 

TOT ROUND-2 

TDT R3UND-2 

TOT RaUND-2 

T10-2-MS TDT R0UNi:-2 

T10-2.̂ SD TOT RCUNC-2 

Tl l -7 

T12-1 

T16-1 

T16-4 

TOT ROU^D-2 

TGT ROUND-2 

TQT RGUKD-2 

TDT ROJHD-2 

T16-4-MS TDT RDJND-2 

T16-4M3D TOT ROUHD-2 

T18-2 

T2-i 

T2-5 

T2-6 

T22-1 

T22-2 

T2A-5 
T2A-50 

T3-2 
T3-4 

T3-S 
T3-6 

T3-6-MS 

T3-t-M£C 

T4-2 
T4-20 

T4-4 

T5-C 

16-1 
Tt-3 
T6-4 

TO-2 
in-T 

TOT RQUHO-2 

TQT ROLIKL-2 

TDT RQUHD-2 

TOI ROUND-2 

TCT ROUHD-2 

TOT ROUKD-2 

TOT RDUKD-2 

TOT RQUKD-2 

TOT ROU!iO-2 
TDT i;:0U);3-2 

TGT RQUKD-2 

TCT F.DUKD-2 
TDT RCUKC-2 

TCT R0U:;G-2 

TDT FOUND-2 

TGT ROUHC-2 

TOT m m - 7 
TCT FO;:KD-2 

I3T f.:rjUKD-2 

TCT FGU;;C-2 
TDT RGiJND-2 

TCT RGCND-2 
THT c-OUKD-? 

N-Nitroso 
d ipropy l 

aaine 

ppb 

400.eo< 
500.000 

500.eo< 
4DC0D< 

1490.00 

2110.00 

400.000 

400.00; 

400.00; 

400.OOO 

3040.00 

2970.00 

SOCOCO 

400.000 

400.co; 
400.ecH 

1eco.OOH 
7CCeON 
400.OCN 
403.OCN 
400.00; 
400.oc; 
400.00; 

400.00'' 
!03CCC 

9C0.0C 
403.03; 

403. C:i! 
503.OCH 

400.00; 

4CC03; 

403.00; 
400.30; 

400. OC'. 

400. fif.; 

N-Hitroso 
diphenyl 

aained) 

ppb 

4CCOO0 

500.00; 

500.00; 
400.000 

330.00! 

330.00; 

400.00-; 

400.00! 

400,000 

400,00! 

330,000 

330,00! 

500,000 

400,000 

4co,e:)o 
400,OON 

lOCCOON 

703.CON 

40CC0N 

400.OCN 
400.30; 

400.oo; 
400.OC! 

403.00! 
330.00; 

340,0'X 

400.00; 

400.OG; 

5occo;v 
433.30; 

400.30; 

403.30; 
403.00; 

400,33; 
4011. e:i< 

Phen 

anthrene 

ppb 

400,OOO 

1870,00 

1870,00 
4CCC0< 

330.00< 

330.OOO 

400.eo; 
5290C00 

400,oo; 
403.00; 

33C03; 

330,ooo 
500,00! 

400,oc; 
400,00; 

400.OON 

1000.OOK 

700.OCN 
400.OON 

409.OCH 

400.00! 

4O0.oe; 
4Cceo; 
4DC 30< 
i30,oo; 
340.30; 

433.00; 

v33.00; 

:30,33N 
403.33; 

4'::0.33^ 
433,33' 
430.oo; 
433,03; 

433.00-; 

Pyrene 

ppb 

400.OOO 

3370.00 

3370.00 
400.000 

2570.30 

2280.90 

400.COO 

27100.00 

400.000 

400.00; 

2990.00 

3260.00 

sccoc; 
400.00-; 

400.00< 

400.OCH 

leoc.ooji 
70e.00H 
403. eC.il 

400.OCN 

403.00; 
4C0.00; 

400.3o; 

400.30; 

:070.00 
1130,00 

430.00; 

433.03; 

J 30.CCK 

T3i0.3C 

40-3. GO; 

4;3.33; 

403.30;; 
hCO.oc; 

433.30; , 

1,2,4-Tri 

chloro 

benzene 

ppb 

400.000 

500.000 

soo.oo; 
400.OOO 

2260.00 

1720.00 

400.00; 

400.000 

400.000 

400.00-! 

2390.00 

2590.00 

500.00< 

490.00< 

490.00; 

400.OOH 

IOOO.OON 

700.OON 

400.OOK 

400,CON 

400,00; 
400.oo; 
400.oc; 
40:.i.03; 

u n e 30 
•ilO.OC 

400.30; 

403.03; 
5C0,33;j 

toCOC-; 
4CG,3C: 
m.Oi)': 
403.co; 
430, ;;3; 

400,co; 

PCBs 

ppb 

200,00! 

3000.0.H 

3000.00; 
200.00! 

12500.00 

12400.00 

300.03; 

300G.CO; 

300.30; 

200.OC; 

12700.30 

12700.00 

300.00; 

209.00; 

200. oc; 
2CC,3Cfi 

6000,COM 

2CO0.OC;; 

2C0,C0r; 

200,OON 

200.30; 

303.^.3! 
203,00; 

333.00: 

12503.03 
12:33.30 

::o3, ;'3^ 

:>C3.0(- • 

333.3!;;'i 

33;;;. ;.3-: 

233.^3; 
233. (3 ; 

23v.30^ 

2t;.yi;-; 
203.00; 

Tctal 

Organic 

Carbon 
ppa 

610,0 

4830.0 

4BC3.0 
1600.0 

3700.0 

3100.0 

IIOC.O 

5300.0 

2600.C 

2200.0 

6900.0 

15C0.0 

2B0CC 

II 
1300.0 

1500,0J 

1 
6600,0J 

2000.3J 
ISOCCJ 

l i ; (CC 
1700,0 

2203.0 

1403,0 

27-iC;i 

5333,3 

l /vO.3 

ii3&,3 

2733, C.'i 

140) . ; 

1133.; 
1933.0 
4303.0 

773.3 

http://eC.il


flSftRCD SEDlJvlENT G R P I N S I Z E DfiTPt 

SAMPLE 
# 

= ^ = S 

MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 

= = = = s : = s = = = : 

1-1 
£ - 1 
£ - £ 
£ - 3 
3 - 1 
3 - £ 
3 - 3 
4 - 0 
4 - 1 
4 - 1 
4 - 2 
4 - 3 
S-iZi 
5 - 1 
5 - £ 
5 - 3 
6-(2l 
6 - 1 
6 - 2 
6 - 3 
6 - 4 
7 - 1 
7 - 2 
7 - 3 
7 - 4 
7 - 5 
7 - 6 
7 - 7 
8 - 1 
S - £ 
8 - 3 
a -4 
9 - 1 
9 - £ 
9 - 3 
9 - 4 
9 - 5 
9 - 6 
9 - 7 
9 - 8 
10-13 
1 0 - 1 
1 0 - 2 
1 0 - 3 
1 0 - 4 
1 1 - 1 
1 1 - 2 
1 1 - 3 
1 1 - 4 
1 1 - 5 

G r a v e l 
>£mm 

======== 
3 5 . 5 2 
5 0 . 5 0 
2 4 . 4 4 

3 . £ S 
1 1 . 5 2 

£ . 3 4 
8 . 8 0 
7 . 8 7 

3 0 . 0 9 
4 6 . 4 2 
4 7 . 0 £ 
£ £ . 9 1 

3 . 6 4 
4 1 . 6 5 
1 2 . 7 3 

3 . 14 
6 . 4 3 

3 1 . 7 5 
£ 5 . 5 1 

3 . 7 2 
0 . 6 0 

9 6 . 3 6 
£ 4 . 5 9 
4 5 . 6 5 

£ . 5 6 
3 . 5 0 

1 0 . 16 
0 . S 2 
2 . 1 5 
2 . 7 0 

1 2 . 2 4 
1 2 . 5 2 

0 . 3 9 
4 . 0 5 
1 . 8 3 
2 . 10 
2 . 9 2 
1 . 4 1 
0 . 0 5 
0 . 0 0 
9 . 19 

1 8 . 9 4 
5 . 3 6 
l . £ 5 
£ . 5 8 
7 . 8 3 

4 6 . 0 5 
8 . 7 4 

1 1 . 7 1 
7 . 0 3 

- - -

Cou»~se 
S a n d 

Irnni 
1 = = = = = = = = = = = = 

1 2 . 3 6 
7 . 0 6 
2 . 0 4 
1 . 5 8 
1 . 7 8 
3 . 2 8 
7 . 5E 
5 . £ 7 

2 2 . 14 
£ 6 . 17 
2 1 . 9 0 
£ 6 . 0 0 

4 . 5 5 
3 0 . 14 
£ 5 . 5 5 

3 . £ 6 
3 . 6 4 

£ 5 . 7 6 
£ 5 . 7 9 

5 . 9 5 
0 . 3 0 
1 . 8 6 

£ 6 . 8 6 
£ 3 . 3 1 

1 . 17 
1 . 1 5 
0 . 6 0 
0 . 4 3 
6 . 6 5 
£ . 4 3 
3 . 5 £ 
£ . 9 0 
0 . 8 1 
2 . 9 7 
3 . 0 3 
2 . 4 1 
1 . 1£ 
0 . 3 0 
0 . 3 4 
0 . 0 9 
£ . 8 6 

1 0 . 3 4 
£ . 5 7 
£ . 3 £ 
£ . 8 7 
9 . 6 6 
a . 0 4 
5 . S 5 
2 . 7 1 
3 . 2 4 

MecJium 
S a n d 

. 5 - . £5mrn 
: = = = = = = = = = = = = = = 

£ 8 . 6 9 
£ 4 . 5 4 
3 6 . 0 7 
6 8 . 8 6 
4 0 . 4 £ 
7 9 . 7 3 
6 7 . 3 3 
3 8 . 9 9 
3 7 . 5 8 
£ £ . 4 5 
1 9 . 14 
3 0 . 7 0 
4 7 . 3 3 
£ 5 . 1 8 
5 3 . £ 1 
7 8 . 8 4 
3 8 . 6 3 
3 5 . £ 7 
3 6 . 6 0 
6 6 . 4 6 
7 7 . 6 £ 

0 . 4 7 
3 8 . 7 5 
1 8 . 8 6 
6 6 . £ 7 
6 5 . 5 8 
6 6 . 0 7 
8 6 . 0 4 
5 8 . 3 7 
6 £ . S S 
4 4 . 7 5 
4 0 . 9 7 
£ 1 . 8 4 
6 4 . 7 3 
7 1 . 3 8 
6 7 . 4 2 
6 8 . 3 9 
7 5 . 7 9 
8 6 . 9 0 
8 8 . 3 4 
3 9 . £ 8 
4 7 . 5 7 
6 8 . 4 4 
6 9 . 7 5 
7 1 . 1£ 
6 0 . 5 0 
£ 5 . 5 0 
6 7 . 0 7 
4 6 . 9 £ 
5 9 . 4 0 

--- --- -

F i n e s 
< . £5 f i im 

:====== = = 
2 3 . 5 2 
1 7 . 7 2 
3 6 . 7 2 
£ 5 . 4 7 
4 4 . 33 
1 4 . 4 5 
1 5 . 7 5 
4 5 . 7 4 

6 . 7 9 
4 . 41 
8 . 41 

19 . 96 
4 3 . 5 2 

3 . 2 7 
7 . 89 

1 4 . 7 6 
4 9 . 8 3 

7 . 2 6 
1 0 . 9 4 
£ 3 . 13 
£ 0 . 5 1 

1 . 3 8 
9 . 14 

1 1 . 6 7 
£ 9 . £5 
£ 8 . 8 3 
£ £ . 3 7 
1£. 87 
3 0 . 9 0 
3 1 . £ 0 
3 8 . 9 1 
4 0 . 49 
7 5 . 7 0 
£ 7 . 16 
£ 3 . 5 0 
£ 6 . 18 
2 6 . 8 9 
£ 0 . 8 2 
1 1 . 6 1 
1 0 . 7 3 
4 6 . 8 1 
£ £ . 5 6 
2 2 . 6 1 
2 6 . 2 6 
2 2 . 8 5 
£ 0 . 94 
1 9 . 0 9 
1 7 . 3 3 
3 6 . 9 6 
£ 8 . 7 1 

Pet-^cent 
R e c o v e r y 

! = = s s = ^ = : = ^ = : = i 

1 0 0 . 0 9 
9 9 . 8 1 
9 9 . £7 
9 9 . I S 
9 8 . 0 4 
9 9 . 8 1 
9 9 . 40 
9 7 . 8 8 
9 6 . 6 0 
9 9 . 44 
9 6 . 4 8 
9 9 . 5 7 
9 9 . 04 

1 0 0 . £ 4 
9 9 . 5 8 

1 0 0 . 0 0 
9 8 . 5£ 

100 . 0 3 
9 8 . 8 4 
9 9 . £6 
9 9 . 0£ 

1 0 0 . 06 
9 9 . 3 4 
9 9 . 4 9 
9 9 . £4 
9 9 . 0 6 
9 9 , 19 

100 . 17 
9 8 . 0 7 
9 9 . ££ 
9 9 . 4£ 
9 6 . 8 8 
9 8 . 7 4 
9 8 . 9£ 
9 9 . 74 
9 8 . 1£ 
9 9 . 3 1 
9 8 . 3£ 
9 8 . 9 0 
9 9 . 16 
9 8 . 14 
9 9 . 4 0 
9 8 . 9 8 
9 9 . 5 7 
9 9 . 4 3 
9 8 . 9 3 
9 8 . 6 8 
9 8 . 99 
9 8 . £9 
9 8 . 3 9 

- ; - j ; - - ^ : . 



flSORCO SEDIMENT GRAIN S I Z E DATfi 

SOMPLE 
# 

==== 
MSG 
MSS 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 
MSG 

====== 
11-6 
11-7 
11-8 
11-9 
1£-1 
l£-2 
12-3 
12-4 
l£-5 
13-1 
13-2 
13-3 
13-4 
13-5 
13-6 
13-7 
13-8 
14-1 
14-£ 
14-3 
14-4 
14-5 
15-£ 
15-3 
15-4 
15-5 
16-1 
16-S 
16-3 
16-4 
17-1 
17-2 
17-3 
17-4 
18-1 
18-2 
18-3 
19-1 
19-2 
£0-1 
£0-2 

Gravel 
> £rnm 

= = = = = = = = = = = = = z 

14.82 
0. 10 
0. 00 
0.07 

4£. 95 
18. £6 
£0. 50 
3. 19 
£.63 

43.45 
0. 7£ 

17. 08 
1.96 

17.00 
0. 00 
0.3£ 
0. 00 

4£.82 
0.92 
16.54 
5.20 
0.04 

12. 74 
4.28 
4.63 
0. 40 
0.50 
0.43 
0.57 
0. 00 
7.64 
0.39 

16.80 
0.09 

12.96 
0.74 
1.95 
1.36 
1.48 
5.82 
1. 86 

Course 
Sand 
Imm 

========== 
2.80 
0.29 
0. 12 
0. 14 
7.59 
8.73 
5.92 
1.82 
2.39 
9.38 
0. 52 
4.55 
l.£l 
7. 44 
0.£4 
0. 11 
0, 10 
8.00 
1.94 
4.4£ 
£.£8 
0. 24 
1.72 
1.68 
3.71 
0.70 
0. 55 
0.55 
0. 30 
0. 12 
4.67 
0. 50 
3.67 
0.37 
5.53 
0.57 
1.3£ 
0.61 
0.78 
1.11 
0.86 

Med i um 
Sand 

. 5-. 25rnrn 
=s==5=s^^^:==ss==5 

51-01 
72.05 
84.30 
83.53 
14.79 
53.07 
3£. £4 
55.34 
67. 09 
3 3 . 34 
68.88 
41.43 
50.59 
56. 10 

. 61.££ 
64.66 
71.95 
16. 31 
64. 40 
41.77 
40. 42 
55.33 
31. 10 
46. 15 
44.97 
40.66 
32.57 
34.29 
48.53 
43. 69 
18. 18 
36. 60 
26. 16 
37.67 
10.45 
34. 12 
50. 69 
£6.39 
46.95 
49.76 
62.95 

Fines 
<. 25rnnfi 

= = = = = = = = = = 
32.33 
£6.96 
15. £5 
14.74 
35. 11 
19. 15 
41. 08 
39. £0 
£7.87 
12. 99 
28. £9 
35.56 
45. 02 
19. 49 
37. 6£ 
34. £0 
£7. £7 
31.64 
31.47 
36. £7 
50.98 
43. £5 
53. 48 
46. 59 
46. 10 
57.45 
65. 14 
63.39 
49.59 
54.70 
64.33 
61. 39 
5£. 89 
60.42 
66.60 
63. 10 
45.06 
69.78 
49. 12 
41. 89 
3 3 . 10 

Percent 
Recovery 

========== 
100.95 
99. 40 
99. 67 
98.47 

100.45 
99.21 
99. 73 
99. 55 
99.98 
99. 17 
98.40 
98. 6£ 
98. 77 
100.0£ 
99. 03 
99. £9 
99. 32 
98.76 
98-73 
99.00 
98.89 
98.86 
99.04 
98.69 
99. 40 
99. ££ 
98.76 
98.66 
98.99 
98. 51 
94.83 
98. 88 
99. 5£ 
98.55 
95.54 
98. 53 
99.03 
98. 14 
98. 3£ 
98.58 
98.76 



PiSPRCQ SEDIMENT G R A I N S I Z E DATA 

St at i on 
Number 

== 
Tl-1 
T2-1 
T2-£ 
T2-3 
T£0-5 
T£-5 
T£-6 
T3-1 
T3-£ 
T3-3 
T3-4 
T3-5 
T3-6 
T4-0 
T4-1 
T4-£ 
T4-3 
T4-4 
T4-4rep 
T5-0 
T5-1 
T5-£ 
T5-3 
T6-0 
T6-1 
T6-£ 
T6-3 
T6-4 
T7-1 
T7-£ 
T7-3 
T7-4 
T7-5 
T7-6 
T7-7 
T8-1 
T8-2 
T8-3 
Ta-4 
T9-1 
T9-£ 
T9-3 
T9-4 
Tg-5 
T9-6 
T9-7 
T9-8 
T10-0 
T10-1 

Gravel 
> 2mrn 

= = = = = = = = = 
35.52 
50.50 
24. 44 
3.28 

12.90 
7.40 
4.30 

11. 5£ 
£.34 
a. 80 
6.40 
£.30 
4.80 
7.87 

46. 4£ 
47. 0£ 
££. 91 
3.00 
1.30 
3.64 

41.65 
12.73 
3. 14 
6.43 

31. 75 
£5.51 
3.72 
0.60 

. 96.36 
24.59 
45. 65 
2.56 
3.50 

10. 16 
0.82 
2. 15 
£.70 
12-24 
12.52 
0.39 
4.05 
1.83 
2. 10 
£.92 
1.41 
0.05 
0. 00 
9. 19 
18.94 

Coarse 
Sand 
Irnrn 

= = = = = = = = = = = 
1£. 36 
7.06 
£.04 
1-58 
3.£0 
0.50 
1.00 
1.78 
3. £8 
7. 5£ 
9.70 
3.70 
5.30 
5. £7 

£6. 17 
£1.90 
£6.00 
£-40 
£-40 
4. 55 

30. 14 
£5.55 
3.26 
3.64 

£5.76 
£5. 79 
5.95 
0.30 
1.86 

£6.86 
£3.31 
1. 17 
1. 15 

. 0.60 
0.43 
6.65 
£.43 
3.52 
2.90 
0-81 
2. 97 
3. 03 
2-41 
1, 1£ 
0- 30 
0.34 
0.09 
£.86 
10.34 

Med i um 
Sand 

.5-.£5mm 
============ 

£8-69 
£4.54 
36.07 
68- 86 
60.40 
69.70 
76. 30 
40. 4£ 
79.73 
67.33 
61.50 
66.00 
70.80 
38.99 
££.45 
19. 14 
30.70 
67.80 
67.80 
47- 33 
£5. 18 
53-21 
78-84 
38-63 
35. £7 
36. 60 
66.46 
77. 6£ 
.0. 47 
38-75 
18. 86 
66. £7 
65.58 
66.07 
86.04 
58.37 
62-88 
44.75 
40-97 
21.84 
64.73 
71.38 
67.42 
68. 39 
75.79 
86.90 
88.34 
39.28 
47. 57 

Fines 
<.£5mm 

: = = = === = = = = 
£3. 5£ 
17. 7£ 
36. 7£ 
£5. 47 
£3. 40 
£2.30 
18. 50 
44.33 
14.45 
15.75 
££.40 
£8. 00 
19. 10 
45.74 
4. 41 
8. 41 
19.96 
£8.40 
£8. 40 
43. 5£ 
3-27 
7-89 
14.76 
49.83 
7.26 
10.94 
£3. 13 
£0. 51 
1.38 
9. 14 
11.67 
£9. £5 
£8.83 
£2.37 
12.87 
30.90 
31. £0 
38.91 
40.49 
75.70 
27- 16 
23.50 
26. 18 
26.89 
20.82 
11.61 
10. 73 
46.81 
22.56 

Percent 
Recovery 

= ^ ^ = = ^ s = = ^ ^ 

100. 09 
99.81 
99. £7 
99. IS 
99.90 
99-90 

100. 10 
98. 04 
99.81 
99.40 
100.00 
100.00 
100.00 
97. 88 
99. 44 
96.48 
99.57 
101.60 
99.90 
99. 04 

1 00. £4 
99.38 
100.00 
98. 5£ 

100. 03 
98.84 
99. £6 
99. 0£ 

100.06 
99. 34 
99. 49 
99. £4 
99.06 
99. 19 

100.17 
98.07 
99. £2 
99. 4£ 
96. aa 
98.74 
98. 92 
99.74 
98. 1£ 
99.31 
98. 3£ 
98.90 
99. 16 
98. 14 
99.40 



ASARCO SEDIMENT GRAIN SIZE DATA 

St at i on 
Number 

T10-2 
T10-3 
T10-4 
T H - 1 

-Tll-£ 
T H - 3 
Tll-4 
Tll-5 
Tll-6 
Tll-7 
Tll-8 
Tll-9 
T12-1 
T12-2 
Tl£-3 
Tl£-4 
Tl£-5 
T13-1 
T13-£ 
T13-3 
T13-4 
T13-5 
T13-6 
T13-7 
T13-8 
T14-1 
T14-£ 
T14-3 
T14-4 
T14-5 
T15-£ 
T15-3 
T15-5 
T16-1 
T16-£ 
T16-3 
T16-4 
T17-1 
T17-£ 
T17-3 
T17-4 
Tia-1 
Tia-£ 
T18-3 
T19-1 
T19-2 
T20-1 
T£0-2 

Gravel 
> 2mm 

============== 
5.36 
1.25 
£-58 
7. S3 

46-05 
8.74 
11.71 
7.03 

14. 8£ 
0. 10 
0. 00 
0.07 

4£. 95 
18-£6 
£0. 50 
3. 19 
2. 63 

43.45 
0. 72 
17.08 
1.96 

17.00 
0. 00 
0.32 
0. 00 
42.82 
0.92 
16.54 
5.20 
0.04 
12.74 
4.28 
0.40 
0.50 
0.43 
0.57 
0. 00 
7.64 
0.39 
16.80 
0.09 
12.96 
0.74 
1. 95 
1. 36 
1. 48 
5.82 
1.86 

Coarse 
Sand 
1mm 

========== 
2. 57 
2-3£ 
2-87 
9-66 
8-04 
5.85 
2.71 
3.24 
2.80 
0.29 
0. 1£ 
0. 14 
7. 59 
8.73 
5. 9£ 
1. 8£ 
£.39 
9.38 
0.52 
4.55 
l.£l 
7.44 
0.£4 
0. 11 
0. 10 
a. 00 
1.94 
4.42 
£.28 
0.£4 
1.72 
1.68 
0.70 
0.55 
0.55 
0.30 
0. 12 
4.67 
0.50 
3-67 
0- 37 
5-53 
0. 57 
1.32 
0.61 
0.78 
1.11 
0.86 

Med i um 
Sand 

.5-.£5mm 
============ 

68-44 
69-75 
71- 12 
60-50 
25- 50 
67-07 
46.92 
59.40 
51-01 
7£. 05 
84.30 
83.53 
14.79 
53.07 
3£. £4 
55.34 
67. 09 
33. 34 
68. aa 
41.43 
50-59 
56- 10 
61-££ 
64.66 
71-95 
16.31 
64.40 
41.77 
40. 42 
55. 33 
31. 10 
46. 15 
40. 66 
32.57 
34. £9 
48.53 
43.69 
18. 18 
36.60 
£6. 16 
37.67 
10. 45 
34. 1£ 
50- 69 
£6.39 
46.95 
49. 76 
6£. 95 

Fines 
<. 25mm 

=========== 
22.61 
26.26 
22.85 
20. 94 
19.09 
17.33 
36.96 
28.71 
32-33 
£6.96 
15. £5 
14, 74 
35. 11 
19. 15 
41.08 
39.20 
£7. 87 
12.99 
£8. £9 
35. 56 
45. 0£ 
19. 49 
37. 6£ 
34. £0 
£7. £7 
31.64 
31.47 
36. £7 
50. 98 
43. £5 
53.48 
46.59 
57.45 
65. 14 
63. 39 
49.59 
54.70 
64. 33 
61-39 
52.89 
60. 4£ 
66.60 
63. 10 
45.06 
69.78 
49. 1£ 
41.89 
33. 10 

Percent 
Recovery 

========== 
98.98 
99.57 
99. 43 
98.93 
98.58 
98. 99 
98.29 
98.39 
100.95 
99.40 
99.67 
98.47 
100.45 
99.21 
99.73 
99.55 
99. 98 
99. 17 
98. 40 
98.62 
98. 77 
100.02 
99. 08 
99. £9 
99. 3£ 
98.76 
98. 73 
99. 00 
98.89 
98.86 
99. 04 
98.69 
99. ££ 
98. 76 
98.66 
98.99 
98.51 
94.83 
98.88 
99.52 
98, 55 
95.54 
98. 53 
99. 03 
98. 14 
98.32 
98.58 
98.76 
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A few sample identification nvunbers (Sta Id) 
for marine sediment core samples were changed 
to fit-the database format. These samples may 
be referred to by a different niimber in these 
data sheets than in the text of Volume 1. 

10-1-+10 is sample TlO-1015 

16-0—HO is sample T16-1012 

T2-01 is sample 2-1,2-01 

Some station Id. niimbers represent QA seunples 
instead of unique stations. These samples are: 

10-1-230 is a field duplicated 
of sample 10-1-23 

2-120 is a field duplicate of sample 2-12 

7-2-910B was sampled from the second 
core at station T7-2 



Parasetrik Inc. -- Environnental Data Svstea 
HARINE SEDIHENT SAHPLES - (TOTAL HETALS) 

Bta Id Anl Event 

10-1-12 TOT HfiRCORES 
10-1-230 TOT HflRCORES 
10-1015 TQT HARCOREB 
lOA-01 TOT MARCORES 
IOA-12 TDT HARCORES 
lOA-23 TOT HARCOREB 
lOA-34 TOT HARCORES 
lOA-45 TDT HARCORES 
IOA-78 TOT HARCORES 
13-2-910 TOT MARCDRES 
16-0-410 TOT HARCORES 
2-1,2-01 TOT HARCORES 
2-1,2-12 TOT HARCORES 
2-1,2-23 TOT HARCORES 
2-1,2-34 TDT HARCORES 
2-1,2-45 TOT HARCORES 
2-1,2-78 TOT HARCORES 
2-120 TOT HARCORES 
7-2-1015 TOT HARCORES 
7-2-9106 TOT HARCORES 
TlO-01 TOT HARCORES 
TlO-1-23 TOT HARCORES 
TlO-1-34 TOT HARCORES 
T10-1-4S TOT HARCORES 
T13-2-ei TOT HARCORES 
T13-2-12 TOT HARCCRES 
T13-2-23 TOT HARCORES 
T13-2-34 TDT liARCDRES 
T13-2-45 TDT HARCORES 
T16-0-01 TOT HARCORES 
T16-0-12 TOT HARCORES 

Arsenic 
ppa 

62.000 
42.000 
13.000 

4125.000 
4825.000 
5500.000 
2020.000 
590.000 
247.000 
13.000 
B.SOO 

232.000 
268.000 
1B7.000 
20.000 
142.000 
22.000 

242.000 
263.000 
1266.000 
177.000 
57.000 
17.000 
37.000 
26.000 
42.000 
72.000 
92.000 
13.000 

700.000 
247.000 

Copper 
ppi 

290.000 
390.000 
31.000 

11975.000 
14500.000 
16300.000 
5525.000 
1B50.000 
813.000 
IB.OOO 
IB.OOO 
161.000 
223.000 
195.000 
22.000 
133.000 
39.000 

210.000 
202.000 
1356.000 
550,000 
234,000 
70,000 
33,000 
234,000 
198,000 
217.000 
29,000 
22.000 

1585.000 
563.000 

Lead 
ppo 

100.000 
95.000 
15.000 

3450.000 
3300.000 
3450.000 
1685.000 
563.000 
255.000 
11.000 
20.000 
230.000 
315.000 
253.000 
29.000 
196.000 
42.000 

393.000 
310.000 
1530.000 
265.000 
100.000 
31,000 
29.000 
217.000 
B2.000 
93.000 
22.000 
31.000 

855.000 
375.000 

Zinc 

PP» 

343.000 
226.000 
62.000 

3575.000 
3300.000 
3575.000 
2B00.O0O 
930.000 
490.000 
42.000 
51.000 
915.000 
1208.000 
973.000 
106.000 
813.000 
212.000 
1048.000 
2145.000 
3675.000 
1268.000 
300.000 
100.000 
93.000 

2323.000 
300,000 
270.000 
53.000 
103,000 

2336.000 
945.000 



Paraaetrix Inc. — Environaental Data Svstea 
HARINE SEDIHENT SAHPLES - (TOTAL HETALS) 

Sta Id Anl Event 

T16-0-23 TOT HARCORES 
T16-0-34 TOT HARCORES 
T16-0-4S TOT HARCORES 
T7-2-01 TOT HARCORES 
T7-2-12 TOT HARCORES 
T7-2-23 TOT HARCORES 
T7-2-34 TOT HARCORES 
T7-2-4S TQT HARCORES 

Arsenic 
ppa 

2925.000 
2825.000 
172.000 

8725.000 
7675.000 
8775.000 
6225.000 
7900.000 

Copper 
ppa 

1663.000 
1378.000 
150.000 

3125.000 
2725.000 
3175.000 
2165.000 
3150.000 

Lead 
pps 

2875.000 
3050,000 
253,000 

4550,000 
4300,000 
4775,000 
3500,000 
4575.000 

Zinc 
ppa 

17800.000 
19125.000 
1223.000 

23650.000 
20875.000 
23075.000 
1750C000 
24400.000 



Paraietrii Inc. — Environaental Data Svstea 
HARINE SEDIMENT SAHPLES - (EP TOUICITY) 

Sta Id Anl Event 

I0-1-+10 EPT HARCOREB 

10-1-230 EPT HARCORES 

10-1015 EPT HARCORES 
tOA-01 EPT HARCORES 

lOA-12 EPT HARCORES 

lOA-23 EPT HARCOREB 

IOA-34 EPT HARCORES 

IOA-45 EPT HARCORES 
10A-7e EPT HARCORES 

13-2-910 EPT HARCOREB 

16-O-MO EPT HARCORES 

2-1,2-01 EPT HARCORES 

2-1,2-12 EPT HARCORES 

2-1,2-23 EPT HARCORES 

2-1,2-34 EPT HARCORES 

2-1,2-45 EPT HARCORES 

2-1,2-78 EPT HARCORES 

2-120 EPT HARCORES 

7-2-1015 EPT HARCORES 

7-2-9106 EPT HARCOREB 

TIO-OI EPT HARCORES 

TlO-1-23 EPT HARCORES 

T10-1-34 EPT HARCDRES 

TlO-1-45 EPT HARCORES 

T13-2-01 EPT HARCORES 

T13-2-12 EPT HARCORES 

T13-2-23 EPT HARCCRES 

T13-2-34 EPT HARCORES 

T13-2-45 EPT HARCORES 

T16-0-01 EPT HARCCRES 

T16-0-12 EPT HARCORES 

T16-0-23 EPT HARCORES 

Arsenic 
ppa 

C067 

0.580 

0.050 
0.280J 

0.310 

0.400 

0.370 
C400 

0.120 

0.023 

0.007< 

0.033 

0.073 

D.OSO 

0.060 

0.057 

0.020 

0.083 

0.610 

0.190 

0.070 

0.130 

0.013 

0.063 

0.017J 

0.053J 

0.0703 

0.040J 

0.050 

0.093 

0.051 

0.083 

Cadaiua 
pps 

0.00304 

0.0050 

0.0030< 
0.0200 

0.0230 

0.0250 

0.0220 
COIBO 

0.0080 

C0030< 

C0030< 

0.0030< 

0.0030( 

0.0030( 

0.0030< 

0.0030< 

0.0030< 

0.0030< 

0.0220 

0.0070 

0.0030( 

0.0030-( 

0.00304 

0.0050 

0.0030< 

0.0030-( 

o.eo30< 
0.0030< 

0.0030( 

0.0030< 

0.00304 

0.00304 

CbroBius 
ppa 

0.033< 
0.033( 

0.033< 
0.033< 

0.033< 

0.033< 

0.033< 

0.033( 

0.033< 

0.033< 

0.033< 

0.033< 

0.033< 

0.033< 

0.033< 

0.033< 

0.033< 

0.033< 

0.033< 

0.033< 

0.033< 

C033< 

0.033( 

0.033.( 

0.033< 

C033< 

0.033< 

0.033< 

0.033< 

0.033< 

0.033< 

0.033;: 

Copper 

ppa 

0.036 

0.017< 

0.017< 
0.017< 

C017{ 

0.017< 

0.017< 
C130 

0.520 

0.017< 

0.017< 

0.017< 
C0I7< 

0.017< 

0,021 

0.017< 

0,017< 

C017< 

0,026 

0,017< 

0,049 

0,017< 

0,017< 

0.017< 

C017( 

0.041 

0.023 

0.017< 

0.017( 

C017< 

0.017< 

0,017< 

Lead 
ppa 

0.056 

0.033< 
0.033< 
C290 

0.390 

0.270 

0.220 

C093 

0,069 

0,033< 

0.033< 

0,093 

0,093 

C120 

0,630 

0,081 

0.033< 

0,056 

C044 

0,044 

C081 

0.069 

O.C33< 

0.033< 

0.110 

0.081 

0.069 

0,033< 

0.044 

CD69 

0.069 

0.056 

Hercury 
ppb 

0.6000 

0.5000< 

O.SOOOC 
0.5000< 

0.50004 

0.5000< 

0.5000< 

0.5000< 

0.5000< 

0.5000< 

C5000 { 

o.5eco< 
0.5000< 

0.50(i0< 

0.5000-;: 

0.5000< 

0.5000( 

0.5000< 

0.50C0< 

CS000< 

0.5C00< 

O.SOOO; 

0.50(i0( 

C5000-( 

0.5000< 

0.5000< 

0.50004 

C5000< 

0.5000< 

0.5C00< 

0,5000< 

0.S000< 

Seleniua 

ppa 

0.0830< 

0.0830< 

0.0830< 
0.0B30< 

C0B30< 

0.0B30< 

0.0B30< 
0.0630< 

0.0630< 

0.0630< 

C0830< 

0.0630< 

0.0B30< 

0.0830; 

0.0B30< 

0.0830< 

0.0830< 

0.0830< 

0,0B30< 

0.0B30< 

0.0B30< 

0.0B30< 

0.0B30< 

C0B30( 

O.0B3O< 

0.0630-; 

C0830( 

C0630< 

C0630( 

C0830< 

0.0e30< 

0.0630( 

Silver 

ppa 

0.0060< 
0.0080< 

0.00B0< 
0.0110 

0.0060< 

0.0060< 

C0080( 
0.0060< 

0.0080< 

0.0080< 

0.0080( 

O.OOBOC 

0.0080< 

0.0080< 

C(i080< 

0.OCB0< 

0.0060< 

o.eo80< 
0.0080< 

O.O0B0< 

C 0 0 8 0 ; 

0 .0080; 

0 .0060; 

0.(i080< 

0.0080< 

O.C080< 

O.OOBiK 

O.OOBO! 

C0080< 

COOBO< 

O.OOBO'v 

0.00804 

Zinc 
ppa 

0.130 
0.410 

0.017 
4.600 

6.000 

5.400 

1.700 

1.000 

0.460 

0.017 

5.200 

0.980 

1.200 

2.700 

0.130 

0.290 

0.072 

0.560 

2.200 

3.700 

0.980 

C16e 

0.040 

0.035 

4.700 

0.770 

0.270 

0.035 

0.022 

1.500 

1.600 

2.000 

Bariuii 
ppo 

0.50< 

0.50( 
0.50< 
0.50< 

0.50( 

0.50< 

O.SO< 
0.50-( 

0.50( 

0.50< 

0.50< 

0.50( 

C50< 

0.50< 

0.50< 

0.50( 

0.50< 

0.50< 

0.50-; 

0.50< 

C50< 

O.SO; 

0.50; 

C50< 

0.50< 

0.50( 

0.50< 

0.50< 

C50-( 

C50; 

0.50< 

0.50< 

pH 

8.6 
9.2 
6.3 
7.9 
7.8 
8.1 
8.7 
6.9 
8,6 
6.6 
8,7 
8,6 
8.9 
9,1 
9,4 
8,9 
8,5 
8,8 
6,9 
6,4 
B.7 
9.2 
9.2 
9.2 
6.9 
9.3 
9.2 
9.5 
9.4 
B.O 
7,6 
7.6 



Paraaetrix Inc. ~ Environaental Data Svstea 
HARINE SEDIHENT SAHPLES - (EP TOKICITY) 

Sta Id 

T l6-0-34 

T16-0-45 

T7-2-01 
T7-2-12 

T7-2-23 

T7-2-34 

T7-2-45 

Anl Event 

EPT HARCORES 

EPT HARCORES 

EPT HARCORES 
EPT HARCORES 

EPT HARCORES 

EPT HARCORES 

EPT HARCORES 

^ s e n i c 

ppa 

D.070 

0.007< 

0.093J 
0.066J 

0.030J 

0.020J 

0.037J 

Cadsiu i 

ppi 

0.0030< 

0.0030< 

0.0030< 
0.0030( 

0.0030< 

0.0D30< 

0.0030< 

Chrooius 

ppa 

0.033< 

0.033; 

0.033< 
0.033< 

0.033< 

0.033< 

0.033< 

Copper 

pps 

0.017< 

C072 

C640 
0.270 

0.200 

C077 

0.110 

Lead 

ppi 

0.056 

0.044 

0.056 
0.069 

0.069 

C044 

0,033< 

Hercury 

ppb 

0.5000< 

C5000< 

0.5000; 
0.S000< 

O.S00O< 

0.5000< 

O.SOOC< 

Seleniua 

ppa 

O.OB30< 

0.0830< 

0.0830( 
0.0630< 

0.0830( 

0.0830< 

0.0B30< 

S i l ve r 

pps 

O.00BO< 

0.00B0< 

0.00B0< 
0.0080< 

0.0080< 

0.00B0< 

COOBD< 

Zinc 

ppi 

3.600 

4.300 

4.800 
1.800 

1.600 

I.IBD 
2.200 

Bariui 
pps 

0.50< 
0.50< 
0.50< 
0.50< 
0.50; 
O.so; 
0.50; 

pH 

7.5 
8.9 
7.8 
6.3 
5.9 
7.2 
6.7 



HARINE SEDIHENT SAHPLES - ASARCO 
SEHI-VOLATILES (ACIDS) 

Sta Id 

10-01 
10-1015 
10-12 
10-23 
10-23C 
10-34 
10-45 
lOA-OI 
lOA-12 
lOA-23 
lOA-34 
lOA-45 
10A-7B 
lOA-78 
13-2-12 
13-2-23 
13-2-34 
13-2-45 

Anl Event 

TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HfiRCORES 
TOT HfiRCORES 

13-2-910 TOT HARCORES 
16-0-+10 TOT HARCDRES 
16-0-01 
16-0-12 
16-0-23 
16-0-34 
16-0-45 
2-1.2-01 

TOT HARCCRES 
TDT HARCORES 
TOT HARCORES 
TOT I:ARCORES 

TOT HARCORES 
TOT HARCORES 

2-1,2-23 TOT HARCCRES 
2-1,2-34 TOT HARCORES 
2-1,2-45 TOT HARCOf.ES 
2-1,2-78 TOT HARCORES 

Benzoic 
Acid 
ppb 

3100.00J 
2000.OON 
2000.00N 
2000.OOM 
2000.00N 
2000.OON 
2000.OON 
4000.OON 
7000.OON 

20000.OON 
3000.OON 
2000.00N 
2000.OON 
2000.OON 
2000.CON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 

200000.OON 
iOOO.OON 
2000.OON 
2000.OOH 
2000.OON 
2000.OON 
2000.OOH 
2000. OON, 
2000.OON 
2000.OCH 

2-Chloro 
phenol 

ppb 

400.OON 
400.OON 
400.OON 
400.OON 
400. OON 
400.OON 
400.OON 
700.OON 
IOOO.OON 
3000.OON 
500.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 

30000.OCN 
400.OON 
400.OON 
400.OON 
400.OON 
400.OOH 
400.CON 
400.OCN 
400.OON 
4CO.C0N 

2.4-Di 
chloro 
phenol 

ppb 

400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.00N 
400.00N 
700.OON 
lOOCOON 
3000.OON 
500.OON 
400.OON 
400.00N 
400.OCN 
400.OON 
400.OON 
400,OON 
400,OON 
400.OON 
40C.O0N 

30000.OOM 
400.OON 
400.OON 
400.OCN 
400.OON 
400.CON 
4CCC0H 
400.OON 
400.OON 
400.(ON 

2,4-Oi 
oethyl 
phenol 

ppb 

400.OON 
400.00N 
400.OON 
400.OON 
400.OON 
400.00N 
400.00N 
700.OON 
ICOCOON 
3000.OON 
500.OON 
400.OON 
400.OON 
400.00N 
400.OON 
400.OON 
400.OON 
400.OCN 
400.OCN 
400.OON 

30000.OON 
40C00N 
400.OON 
400.OCN 
4CC0CN 
400.OCN 
400,0011 
400.OON 
400.OON 
400,CON 

2,4-Di 
nitro 

phenol 
ppb 

2000,OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
4000.OON 
7000.OON 
20000.OOM 
3000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 

30000.00N 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
200COON 
2000.OCN 
2000.OOM 

2-Methyl 
phenol 

ppb 

400.OON 
400.OON 
400.OON 
400.CON 
40COON 
400.OCN 
400.OON 
700.OON 
lOOO.OOfi 
3000.OON 
500.CON 
4C0.00N 
400.OON 
400.OON 
400.OON 
400.OON 
400.00N 
400.OON 
400.OOK 
4C0.00N 

30000.001; 
400.CON 
400.OON 
400.OCN 
400.OCN 
400.OON 
400.00« 
400.CON 
400.JON 
400.OOM 

4-Hethyl 
phenol 

ppb 

400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
700.00N 
IOOO.OON 
LOOCOON 
see OON 
400.OON 
400.00N 
400.OON 
400.OON 
400.OON 
400.OON 
40;CeON 
400.OON 
40C0eN 

3C0OCOON 
400.OON 
400.OON 
400.OON 
40CO0N 

sio.eoj 
40C00N 
400.OON 
400.OCN 
400.00N 



HARINE SEDIHENT SAHPLES - ASARCO 
SEHI-VOLATILES (ACIDS) 

Sta Id Anl Event 

7-2-1015 TOT HfiRCORES 
7-2-910B TDT HARCDRES 
T-7-2-01 TOT HARCORES 
T-7-2-12 TDT MARCORES 
T-7-2-23 TDT HARCORES 
T-7-2-34 TOT HARCDRES 

Benzoic 
Acid 
ppb 

2000.OON 
2000.OON 
3500.OOJ 
2000.00N 
2000.OON 
2000.OON 

2-Chloro 
phenol 

ppb 

40COON 
400.OON 
400.OON 
400.OON 
400.00N 
400.OON 

2,4-Di 
chloro 
phenol 

ppb 

400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 

2,4-Oi 
oethyl 
phenol 

ppb 

4OCO0N 
400.OON 
400.OON 
400.OON 
400.OON 
400.00N 

2,4-Di 
nitro 
phenol 

ppb 

2000.OOK 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 

2-Rethyl 
phenol 

ppb 

400.0011 
400.OCN 
400.OON 
400.OON 
400.OON 
400.OCN 

4-Hethyl 
phenol 

ppb 

40C00N 
400.00N 
400.OON 
400.OON 
400.OCN 
400.OON 

T-7-2 -45 TDT HARCORES 20G0.00N 400.OON 40COON 400.00N 2000.00N 400.00N 400.00N 



HARINE SEDIHENT SAHPLES - ASARCO 
BEHI-VOLATILES (ACIDS) 

Sta Id 

10-01 
10-1015 
10-12 
10-23 
10-230 
10-34 
10-45 
lOA-01 
lOA-12 
lOA-23 
lOA-34 
lOfi-45 
lOA-78 
10A-7B 
13-2-12 
13-2-23 
13-2-34 
13-2-45 

Anl Event 

TOT HARCORES 
TOT HARCORES 
TOT HfiRCORES 
TOT HfiRCORES 
TOT HfiRCORES 
TOT HfiRCORES 
TOT HfiRCORES 
TOT HfiRCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TDT HARCCRES 
TOT HARCORES 
TOT HARCORES 
TOT HfiRCORES 
TOT HfiRCORES 
TOT HARCORES 
TOT HARCDRES 

13-2-910 TDT HARCORES 
16-0-+10 TOT HARCORES 
16-0-01 
16-0-12 
16-0-23 
16-0-34 
16-C-45 
2-1,2-01 
2-1,2-23 

TOT HARCORES 
TDT HfiRCORES 
TOT HARCDRES 
TOT tiARCORES 
TOT HARCORES 
TOT MARCORES 
TDT HARCORES 

2-1,2-34 TDT HARCCRES 
2-1,2-45 TDT HfiRCORES 
2-1,2-78 TDT HfiRCORES 

2-Nitro 
phenal 

ppb 

400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OOH 
400.OON 
70C00N 
IOOO.OON 
3000.OON 
500.OOH 
400.OON 
400.OON 
400.OON 
400.OCH 
40C00N 
400.00N 
400.OOH 
400.OON 
400.OON 

30000.OCN 
400.OON 
400.OON 
400.OON 
400.00N 
400.OON 
4C0.0ON 
400.OON 
400.OON 
400.OON 

4-Nitro 
phenol 

ppb 

2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
4000.OON 
7000.OON 

2000C00N 
JOOO.OON 
2000.OCN 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OOH 

200000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OCN 
2C0C.00fl 
2000.OCN 
2000.OON 
2000.OON 
2000.OON 

4-ChlDro-
3-Bethyl 

phenol 
ppb 

400.OON 
400.OCN 
400.OCN 
400.OOH 
400.OON 
400.OON 
400.00N 
700.OCN 
IOOO.OON 
3000.CON 
500,OCN 
400,OOM 
400,OON 
400,CON 
400.OCN 
400.OCN 
400.OON 
400.OCN 
400.OON 
400.OCN 

30000.OON 
400.CON 
400.CON 
400.OCN 
400.00^ 
400.OCN 
400.OCN 
400.OON 
400.OON 
400.OCN 

Penta 
chloro 
phenol 

ppb 

lOCCOON 
2000.OON 
2000.OON 
2000. OOfl 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
3000.OON 
BOOe.OCN 
3000.OON 
2000.OOH 
IOOO.OON 
2000.OON 
2000.CON 
2000.OOH 
2000.OON 
2000.OOH 
2000.OON 
2000.OON 

200C0C00N 
2000,OON 
2000,OON 
2000,OCN 
2000,OON 
2000,OCN 
2000,OCH 
2C00,0eN 
2000,OON 
2000,OON 

Pher.ol 
ppb 

400.00N 
400,OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
700.OON 
IOOO.OON 
3000.OON 
500.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 

30000.OON 
400.00N 
400.OON 
400.OOM 
400.OCN 
400.OON 
400.OON 
400.OCN 
400.OCN 
400.OCN 

2.4,5-Tri 
chlcro 
phenol 

ppb 

2000.OOH 
2000.OON 
2000.OON 
2000.OOM 
2C00,00N 
2000.CON 
2C00.eCN 
4000.CON 
7000.OON 

20000.OON 
3000.OCN 
200CO0N 
2C00.00N 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.00!! 
2000.OON 
20CCOON 

200000,OON 
2000,OON 
2000,OCH 
2000.COH 
2000,00!-i 
2000,CON 
2000,OON 
2000.CON 
2000.OCN 
2C0Ce0H 

2,4,6-Tri 
chloro 
phenol 

ppb 

400.00N 
400.OON 
400.OON 
400.OON 
400.OON 
400.CON 
400.OON 
700.CON 
lOOCOON 
3000.OON 
500.OON 
400.OON 
400.OON 
400.OON 
4C0.00N 
400.OOH 
400.OON 
400.OON 
400.OCN 
400.OON 

30000.CON 
40C00N 
400.OON 
400.ecu 
400.CON 
400.OON 
400.OON 
400.OCN 
40C.0CN 
400.OON 



HARINE SEDIHENT SAHPLES 
SEHI-VOLATILES (ACIDS) 

Sta Id Anl Event 

7-2-1015 TOT HARCORES 
7-2-910B TDT HARCORES 
T-7-2-01 TOT HARCORES 
T-7-2-12 TDT HARCORES 
T-7-2-23 TOT HfiRCORES 
T-7-2-34 TOT HARCORES 
T-7-2-15 TOT HARCORES 

- ASARCO 

2-Nitro 
phenol 

ppb 

400.OON 
400.OON 
400.OON 
400.00N 
40C00N 
40C00N 
400.OON 

4-Nitro 
phenol 

ppb 

2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 

4-ChlDro-
3-Bethyl 

phenol 
ppb 

400.OCN 
400.0eN 
400.OON 
40C00N 
400.OON 
400.OON 
400.00N 

Penta 
chloro 
phenal 

ppb 

20CC00N 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 

Phenol 
ppb 

400.OON 
400.00N 
400.OON 
400.OON 
400.ODN 
400.00N 
40C00N 

2,4,5-Tri 
chloro 
phenol 

ppb 

2000.00N 
2000.OON 
2COCO0H 
2000.OON 
2000.00)i 
2000.OCN 
2000.OON 

2,4,6-Iri 
chloro 
phenol 

ppb 

400.OON 
400.OON 
400.OCN 

. 400.OON 
4eO.OON 
400.OON 
400.OON 

I • , 



Parasetriii Inc. ~ Environnental Data Svstea 
HARIHE SEDIHENT SAHPLES - (BASE NEUTRALS) 

Sta Id 

10-01 
10-1015 
10-12 
10-23 
10-230 
10-34 
10-45 
lOA-01 
lOA-12 
lOA-23 
lOA-34 
lOA-45 
10A-7B 
lOA-78 
13-2-12 
13-2-23 
13-2-34 
13-2-45 

A.il Event 

TOT HARCORES 
TDT HARCORES 
TOT MARCORES 
TOT MARCORES 
TDT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HfiRCORES 
TDT HARCORES 
TOT MARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCDRES 
TOT HARCORES 
TOT HARCOREB 
TOT HARCDRES 
TOT HARCORES 
TOT HARCORES 

13-2-910 TOT HARCDRES 
16-0-MO TDT HARCORES 
16-0-01 
16-0-12 
16-0-23 
16-0-34 
16-0-45 
2-1,2-01 

TOT MARCORES 
TDT HfiRCORES 
TOT MARCORES 
TOT HARCDRES 
TOT HARCORES 
TOT HfiRCORES 

2-1,2-23 TDT HARCORES 
2-1,2-34 TDT HARCORES 
2-1,2-45 TOT HARCORES 
2-1,2-78 TDT HARCDRES 

Ace 
naphthene 

ppb 

400.OON 
400.OON 
400.00N 
400.00N 
400.OON 
400.OON 
400.OON 
700.OOM 
IOOO.OON 
3000.OON 
500.OON 
400.OON 
400.OON 
400.00N 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 

30000.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 

Acenaph 
thylene 

ppb 

400.OON 
400.OON 
400.00(1 
400.OCN 
400.OON 
400.OON 
400.OON 
700.OON 
IOOO.OON 
3000.OON 
500.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.0DN 
400.OON 
4DO.O0N 
400.CON 
400.OON 

30000.OON 
400.OON 
400.OOH 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
40C0eN 

Aniline 
ppb 

400.OON 
400.OCN 
400.OON 
400.OON 
400.OON 
400.OON 
400.ODN 

500.OON 
400.OON 
400.OCN 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.00N 
400.OON 

400.OON 
400.OON 
400.OON 
400.OON 
400.CON 
400.OON 
400.OCH 
4CCC0N 
400.CON 

Anthracne 
ppb 

400.OOH 
400.OON 
400.OON 
400.OOH 
400.OON 
400.OCN 
400.OON 
670.OOJ 
lOOCOON 
3000.OON 
500.OON 
400.OON 
400.OON 
400.OON 
400.CON 
400.00N 
400.00N 
400.OON 
400.00N 
40COON 

30000.OON 
400.OON 
400.OON 
40C00H 
400,OON 
400.OON 
400.00,N 
400.OCH 
400.OON 
400.OOH 

Benzidine 
ppb 

3000.OON 
3000.OON 
3000.00N 
3000.OON 
3000.OON 
3000.OON 
3000.OON 

4000.OON 
3000.OON 
3000.OON 
3000.OON 
3000.OON 
3000,OON 
3000.OON 
3000.OON 
3000.OON 
3000.OON 

3000.OON 
3000.OON 
3000.OON 
3000.OON 
3000.OOH 
3000.OON 
3000.OON 
3000.OCN 
300C00N 

Benzo(a) 
anthracne 

ppb 

400.OOH 
400.OON 
400.OON 
400.OON 
400.OON 
40COCN 
400.OON 
1740.00J 
ISOO.OCJ 
3000.OOH 
670.OOJ 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OOH 

30000.OCN 
IIBO.OOJ 
840.OOJ 
400.OCN 
400.OON 
4C0.CCN 
40Ce0N 
400.OON 
400.OON 
400.0C>1 

Benzo(a) 
pyrene 

ppb 

54Q.0CJ 
400.COH 
400.OON 
400.OON 
400.00N 
400.OON 
400.00N 
1370.OOJ 
IOOO.OON 
3000.OON 
1460.00J 
400.OON 
400.OCN 
400.00N 
400.OCN 
400.00N 
400.OON 
400.OON 
40O.(iON 
40C00N 

30000.00N 
920.COJ 
720.OOJ 
400.OON 
400.00.1 
400.OOH 
400.OOH 
40C0CN 
400.OON 
400.OCN 

Benzo(b) 
fluor 

anthene 
ppb 

ICOO.OOJ 
400.OON 
400.OOH 
400.OON 
400.OON 
400.OON 
400.OON 
700.CON 
2700.OOJ 
6300.OOJ 
2710,OOJ 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.ODN 

30000.OON 
1930.OOJ 
1600.OOJ 
4G0.00H 
400.OON 
400.OON 
400.OOH 
400.CON 
400.OCN 
40C00N 

Benzo 
(g,h,i) 

perylene 
ppb 

400.OON 
400.OON 
400. OON 
400.OON 
400. OON 
400.OON 
400.OCN 
1590.OOJ 
IOOO.OON 
3000.OON 
500.OCN 
40C00N 

, 40().00N 
400.OON 
400.OON 
400.OON 
400.OCN 
400.OON 
400.00N 
400.OON 

30000.OON 
460.OOJ 
570.00J 
400.OOH 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 

Benzolk) 
Muor 

anthene 
ppb 

400.0CN 
400.00N 
400.OON 
400.OON 
400.OON 
400.OON 
400.00N 
700.OON 
IOOO.OON 
3000.OON 
500.OON 
400.00N 
400.OON 
400.OON 
400.OON 
400.OON 
400.0DN 
400.OON 
400.00N 
400.OON 

30000.OON 
400.OON 
400.OON 
400.OON 
400.OCN 
400.OCH 
400.OOH • 
400.OCN 
400.OOK 
400.OON 

Benzyl 
Alcohol 

ppb 

400.OOH 
400.OON 
400.OOH 
400.OON 
400.CON 
400.00N 
400.CON 
700.OON 
IOOO.OON 
3000.OON 
500.OON 
400.00N 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OCN 
40C00>i 

30000. OOli 
400.OCN 
400.OON 
40C,00)I 
4CC;)0N 
400.OON 
400,OON 
400,OON 
400,OOM 
400.OON 

bi5(2-rhl 
oroethoxy 
laethane 

ppi) 

400.OON 
400.CON 
400.OON 
40e.00N 
400.OON 
400.OON 
400.OON 
700.OON 
IOOO.OON 
3000.OON 
500.OCN 
400.OON 
400.OON 
400.CON 
4C0.00N 
400.OON 
400.OON 
4CC00N 
400.OON 
400.OON 

30000.OON 
400.00N 
400.OON 
400.OON 
4CCeOH 
400.OON 
400.OCN 
400.CON 
4C0.C0N 
400.OON 



Paraaetrix Inc, -- Environaental Data Systea 
HARINE SEDIHENT SAHPLES - (BASE NEUTRALS) 

Sta Id Anl Event 

7-2-1015 TOT HARCORES 
7-2-91OB TOT HARCORES 
T-7-2-01 TOT HARCDRES 
T-7-2-12 TOT HARCDRES 
T-7-2-23 TDT MARCORES 
T-7-2-34 TOT HARCORES 
T-7-2-45 TOT HARCORES 

Ace 
naphthene 

ppb 

400.OON 
400.OON 
400.CON 
400.OOK 
400.OON 
400.00N 
400.OOK 

Acenaph 
thylene 

ppb 

400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 

Aniline 
ppb 

400.ODN 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OCN 

Anthracne 
ppb 

400.OON 
400.OON 
400.OON 
400.OCN 
400.CON 
400.00N 
400.OON 

Benzidine 
ppb 

3000.OON 
3000.OON 
3000.OON 
3000.OON 
3000.OOK 
3000.OOK 
3000.OON 

Benzo(a) 
anthracne 

ppb 

400.OOH 
400.OOH 
400.OON 
400.OON 
400.OON 
400.OCN 
400.OCH 

Benzola) 
pyrene 

ppb 

400.00H 
400.CON 
400.00N 
400.CON 
400.OCN 
400.OON 
400.OON 

Benzolb) 
fluor 

anthene 
ppb 

400.OON 
400.OON 
400.OON 
400.OOK 
400.OON 
400.OOK 
400.OCN 

Benzo 
Ig.h.i) 

perylene 
ppb 

400.OON 
400.OON 
400.OON 
400.DON 
4DC00N 
400.OON 
400.OOK 

Benzolk) 
fluor 

anthene 
ppb 

400.OON 
400.OOH 
400.OON 
400.OON 
400.OCN 
400.OON 
40C00N 

Benzyl 
Alcohol 

ppb 

400.CON 
400.OOH 
400.OON 
400.OON 
400.OCN 
400.OON 
400.OCN 

bis(2-chl 
oroethoxy 
laethane 

Piib 

400.OON 
400.OON 
400.OON 
400.OON 
400.ODN 
400.0DN 
400.OON 



Paranetrik Inc. ~ Environiental Data Svsten 
HARINE SEDIHENT SAMPLES - (BASE NEUTRALS) 

Sta Id 

10-01 
10-1015 
10-12 
10-23 
10-230 
10-34 

10-45 

lOA-01 

lOA-12 

lOA-23 
lOA-34 

10A-4S 

10A-7B 

lOA-78 
13-2-12 

13-2-23 

13-2-34 
13-2-45 

Anl Event 

TOT HARCORES 
TOT HARCDRES 
TOT MARCORES 
TOT MARCORES 
TOT MARCORES 

TOT MARCORES 
TOT HARCORES 

TOT HfiRCORES 

TOT MARCORES 

TOT HARCORES 
TOT HARCORES 

TOT HARCORES 

TOT HARCORES 

TOT HARCORES 

TOT MARCORES 
TOT MARCORES 

TOT HARCORES 
TOT HARCORES 

13-2-910 TOT MARCORES 

16-0-ilO TOT HARCORES 

lt-0-01 

16-0-12 

16-0-23 

16-0-34 

16-0-45 

TOT MARCORES 
TQT HARCORES 

TOT HARCORES 

TOT HARCORES 

TOT HARCORES 

2-1,2-01 TOT HARCORES 

2-1,2-23 TOT HARCORES 

2-1,2-34 TOT HARCORES 
2-1,2-45 TOT HARCORES 

2-1,2-78 TOT HARCORES 

bi5(2-chl 
oroethyl) 

ether 
ppb 

400.OOM 
400.OON 

400.OON 
400.ODN 
400.OON 
400.ODN 
400.OON 

700.OON 

IOOO.OON 
3000.OON 
SOO.OON 

400.00N 

40C0DN 

400.ODN 

400.OON 
400.OON 
400.OON 

400.OON 

400.OON 
400.OON 

30000.OON 

400.OON 

400.OON 

400.OON 

400.OON 
400.OON 

400.OON 

400.OON 
400.OON 
400.OON 

bis(2-chl 
oroisopro 
pyDether 

ppb 

400.OON 
400.OON 
400.OON 
400.OON 
400.00N 
400.OON 
400.OON 

700.OON 

IOOO.OON 

3000.OON 

500.OON 

40C0DN 

400.OON 
400.OON 

400.OON 
400.OON 
400.OON 

400.OON 

400.00N 
400.OON 

30000.OON 

400.OON 

400.00N 

400.OON 

400.OOH 
400.OOM 

400.OON 

400.OON 
400.OON 
400.OON 

bis(2-eth 
ylhexyl) 

phthalate 
ppb 

400,OON 

400,OON 
400,OON 
400,OCN 
400,OON 
400,OON 

400,00N 
1090,00J 

7200,OOJ 

3000.OON 

500.OON 

400.OON 

400.OON 
400.OON 

400.OON 
400.OON 
400.OON 

40C0eN 

400.OON 
400.OON 

30000.OON 

400.OON 

40CeON 

400.OON 

400.OON 
400.OON 

400.OON 

400.OON 
480.COJ 

400.OCH 

4-Broiioph 
enyl-phen 
yl ether 

ppb 

400.OON 
400.OON 
400.OON 
4CC00N 
400.OON 

400.OON 
400.OCN 

700.OON 

lOOCOON 

3000.OCH 
500.OON 

4C0.00N 

400.OON 
400.OON 

400.OON 
400.OOH 
400.OON 

400.OOH 

400.OON 
400.OON 

30000.OOM 

400.OON 

4C0.0CN 

400.CON 

400.OON 
4C0.00N 

40COON 

400.OON 
400.OON 
400.CON 

Butyl 
benzyl 

phthalate 
ppb 

400.OON 
400.OON 
400.OON 
400.OON 
400.OON 

400.OON 
400.OON 

700.OON 

2500.OOJ 

3000.OON 
500.OON 

40C00H 

400,OOH 

400.OOH 
400.00N 

400.OON 
400.OON 

400.OOK 

400.OON 
400.OON 

30000.OCN 

400.OON 

400.OON 

400.OOH 

400.OON 
400.00N 

400.OOH 
400.OON 
400.oc; 
400.OON 

4-ChlorD 
aniline 

ppb 

400.OON 
400.OON 

400.OON 
400.OON 
400.00N 

400.OOH 
400.00N 

700.OON 

ICOO.OON 

3000.OOM 

500.CON 
400.OON 

400.OON 

400.OON 

400.OOH 
400.OON 
400.OON 

400.CON 

400.OCN 
400.OON 

30000.OON 
400.OON 

400,OON 

400.00H 

400.OON 

400.OON 

400.OON 
400.OCH 
400.OON 

400.OON 

2-Chloro 
naphthlne 

ppb 

400.OON 
400.00N 

400.OON 
400.OON 
400.00N 
40C00N 

400.OON 

700.OON 

1000.OCN 
3000.OON 

500.OON 

400.OON 
400.OON 

400.OON 

400.OON 
400.OON 
400.OON 

400.OON 
400.CON 

400.OON 

30000.OON 

4C0.0eN 

400.OON 

400.OON 

400.00N 

400.OON 

400.OON 
400.OON 

400.CON 
400.OOH 

l-Chlorop 
henyl phe 
nyl ether 

ppb 

400.0CN . 
400.OON 

400.CON 
400.OON 
400.OON 

400.OON 
400.OON 
700.OON 

IOOO.OON 
3000.OON 

500.OON 
400.OON 

400.OON 

400.OON 

400.OON 
400.OCN 
400.OON 
400.OON 

400.OON 
400.OON 

30000.OON 

400.OON 

400.OOH 

400.OON 

400.OON 

40C.00N 

400.OON 
400.OON 

4C0.00N 
400.OON 

Chrysene 
ppb 

400.OON 

400.OON 
400.OON 
400.ODN 
400.OON 
400.00N 
400.OON 

2240.OOJ 

2500.OOJ 

5300.OOJ 
990.OOJ 

400.OON 
400.OON 

400.OON 

400.OON 
400.OON 
400.OON 
400. OON 

400. OON 

400.OON 
30000.OON 

1830.OOJ 

1530.OOJ 

400.OOH 

4CC00N 

400.OON 

400.OON 
400.OON 
400. OON 

400.00.*l 

Dibenzo 
la,h) 

anthracne 
ppb 

400.OON 
400.OON 

400.OON 
400.OCN 
400.OON 
400.OON 

400.OON 
700.OON 

IOOO.OON 

3000.OON 

SOO.OON 

400.OON 
400.OCN 

400.OON 

400.00N 
400.OCN 
400.OON 

400.OON 
400.OON 

400.OON 
30000.OON 

400.OCN 

400.OON 

400.OON 

400.OON 
400.OON 

400.OON 
400.OON 

400.OCN 

400.OON 

Dibenzo 
furan 
ppb 

400.OON 

400.OON 

4CC00N 
4;0O.(ieN 
400.OON 
400.OCH 

400.OON 

700.OON 
IOOO.OON 

3000.OON 

500.OON 

400.OON 
400.OON 

4C0.0DN 

400.OCN 
400.OON 
400. OON 

400.OCN 

400.OOH 

400.OOH 
30000.OON 

400.OON 

400.OCH 

4CO.0OH 

400.OOH 
400.CON 

400.OON 

400.OCN 
400.OON 
4C0.00N 

1,2-
Dicloro 
benzene 

ppb 

400.OOH 

409.OON 
400.OON 
400.DON 
400.OON 
400.CON 

400.OCN 
700.OON 

IOOO.OON 

3000.OON 

500.GON 

400.OCN 
400.OON 

400.OON 

400.OON 
400.CON 
400.CON 
400.OON 

400.OON 

400.OON 
30000.OON 

400.OON 

400.OON 

400.OON 

400.OON 

400.OCN 
400.OON 
400.OON 
4OCO0N 

400.OOH 



Paraaetrix Inc. ~ Environoental Data Systes 
HARINE SEDIHENT SAHPLES - (BASE NEUTRALS) 

Sta Id Anl Event 

7-2-1015 TOT HARCORES 
7-2-910B TOT HARCORES 
T-7-2-01 TOT MARCORES 
T-7-2-12 TOT MARCORES 
T-7-2-23 TOT MARCORES 
T-7-2-34 TOT MARCORES 
T-7-2-45 TOT HARCORES 

fais(2-chl 
oroethyl) 

ether 
ppb 

400.OON 
400.ODN 
400.OON 
400,OON 
400.OON 
400.OON 
400.ODN 

his(2-chl 
oroisopro 
pyDether 

ppb 

400.00N 
400.OON 
400.OON 
400.OON 
400.00N 
400.OON 
400.OOK 

bis(2-eth 
ylhexyl) 

phthalate 
ppb 

400.ODN 
400.ODN 
400.OON 
4DC00N 
400.OON 
400.OON 
400.OON 

4-BroBaph 
enyl-phen 
yl ether 

ppb 

400.OON 
400.OOK 
400.OOK 
400.OON 
400.ODN 
400.OON 
400.OON 

Butyl 
.benzyl 

phthalate 
ppb 

400.OON 
400.00N 
400.OON 
400.00N 
400.OON 
400.OOK 
400.OOK 

4-Chloro 
aniline 

ppb 

40C0GH 
400.OON 
400.COH 
400.0CN 
400.OON 
400.OON 
400.OON 

2-ChlDro 
naphthlne 

ppb 

400.ODN 
400.OON 
400.OON 
400.OOK 
400.OON 
400.OON 
400.0DN 

4-Chlorop 
henyl phe 
nyl ether 

ppb 

400.OON 
400.OOH 
400.OON 
400.OON 
400.OON 
400.00N 
400.OOK 

Chrysene 
ppb 

400.OON 
400.OON 
400.OON 
400.OOH 
400.00N 
400.OON 
400.OON 

Dibenzo 
la,h) 

anthracne 
ppi) 

400.OON 
400.OON 
400.00N 
400.OON 
400.OON 
400.OON 
400.OON 

Dibenzo 
furan 
ppb 

400.OON 
400.OON 
400.OCN 
400.eON 
400.0CN 
400.OCN 
400.OCN 

1,2-
Dicloro 
benzene 

ppb 

40C00N 
400.00N 
400.OON 
400.OCN 
400.ODN 
400.OON 
400.OON 



Paraoetrix Inc. -- Environiental Data Systea 
HARINE SEDIHENT SAHPLES - (BASE NEUTRALS) 

Sta Id 

10-01 
10-1015 
10-12 
10-23 
10-230 
10-34 
10-45 
lOA-01 
lOA-12 
lOA-23 
lOA-34 
lOA-45 
lGA-78 
lOA-78 
13-2-12 
13-2-23 
13-2-34 
13-2-45 

Anl Event 

TOT MARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCDRES 
TOT HARCORES 
TOT MARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCDRES 
TOT HARCDRES 
TOT MARCORES 
TOT MARCORES 
TOT MARCDRES 
TOT HARCORES 
TOT MARCORES 
TDT HARCORES 
TOT MARCORES 

13-2-910 TDT HARCORES 
16-C-+10 TOT HARCORES 
16-0-01 
16-0-12 
16-0-23 
16-0-34 
16-0-45 

TOT HARCORES 
TDT HARCORES 
TDT HARCORES 
TOT HARCORES 
TOT HARCORES 

2-1,2-01 TOT HARCDRES 
2-1,2-23 TDT MARCDRES 
2-1,2-34 TOT HARCORES 
2-1,2-45 TOT HARCOREE: 
2-1,2-78 lOT HARCORES 

Hexa 
chloro 

butadiene 
ppb 

400.OON 
400.OON 
400.00N 
400.OON 
400.OON 
400.OON 
400.OON 
700.OOM 
IOOO.OON 
3000.OOK 
500.OON 
400.OCN 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
4DC00N 
400.OON 

30000.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OOM 
400.OON 
400.OON 
400.OON 
400. OOH, 

Hexachlor 
ocyclopen 

tadiene 
ppb 

400.OON 
400.OON 
400.OOH 
400.OON 
400.OON 
4DC00N 
400.OOK 
700.OON 
lOOCOON 
3000.OON 
500.OON 
400.ODN 
400.OON 
400.OOK 
400.OON 
400.OON 
400.ODN 
400.OON 
400.OON 
400.OON 

30000.OON 
400.OON 
400.OON 
400.OON 
400.0DN 
400.OON 
400.OOH 
400.OON 
400.OON 
400.OON 

Hexa 
chloro 
ethane 

ppb 

400.OON 
400.ODN 
400,OON 
400.00N 
40C0CN 
400.OON 
400.OON 
700.OOH 
lOOCOON 
3000.OON 
SOO.OOH 
40C00N 
400.OON 
400.OON 
400.OON 
400.OCN 
400.OON 
400.OON 
400.OOM 
400.OON 

30000.OON 
400.OON 
400.OCN 
400.OON 
400.OON 
400.OOM 
400.OCH 
400.OOH 
400.CON 
400.OCH 

Indeno 
(1,2,3-cil 

Pyrene 
ppb 

400.OOH 
400.OON 
400.OOH 
400.OOH 
400.OOH 
400.OON 
400.OON 
700.OCN 
lOOCOOH 
3000.CON 
670.00J 
400.OOH 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.CON 
400.OOH 

30000.OOH 
430.C0J 
450.OOJ 
400.OOH 
400.OON 
4CCCCH 
400.OON 
400.OON 
400.OON 
400.OON 

Iso 
phorone 

ppb 

400.OON 
400.00K 
400.00K 
400.OON 
400.OON 
400.OON 
400.OON 
700.00N 
IOOO.OON 
3000.OON 
500.OOK 
400.OOK 
400.00N 
400.OON 
400.OON 
400.OOH 
400.ODN 
400.ODN 
400.00N 
400.OOH 

30000.OON 
4C0.00H 
400.OOH 
400.OOM 
400.OOH 
400.OON 
400.OOH 
400.OON 
400.OON 
400.OON 

2-Methyl 
naphthlne 

ppb 

40C00N 
400.OOK 
400.OON 
400.OON 
400.OON 
400.0CN 
400.OON 
700.OON 
290CO0J 
300C00H 
4200.OOJ 
4C0,00N 
400.OON 
400.OON 
400.OOM 
400.OON 
400.OON 
400.OON 
4DC00N 
400.00H 

30000.OCH 
400.OON 
400.OCH 
400.OON 
400.OON 
40C00M 
400.OON 
400.OON 
400,OON 
400.OCN 

Naphthlne 
ppb 

400.OON 
400.00N 
400.OON 
400.OCN 
400.OCN 
400.OON 
400.OON 
700.00H 
IOOO.OON 
3000.OON 
500.OON 
40CO0H 
400.00N 
400.OCN 
400.OON 
400.OCN 
400.OON 
400.OON 
400.OON 
400.OON 

30000.OON 
400.COM 
40C00N 
4CC.00N 
400.OON 
4C0.O0N 
40..1.C0N 
400.OON 
400.OON 
400.OCN 

2-Hitro 
aniline 

ppb 

2000.OOH 
2OOCO0N 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
4000.OON 
7000.OON 

20000.OON 
3000.OOH 
2000,OON 
2000,OON 
2000,OON 
2000,OON 
2000,OON 
2000.OON 
2000.OON 
2000.OON 
2000.OOH 

20C000.0CH 
2000.OOH 
2000,OON 
2000,OON 
2000,OON 
2000.OON 
2000.00,') 
2000.OON 
2000.OON 
200C00H 

3-llitro 
aniline 

ppb 

2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
4000. OOH 
7000.OOK 

20000.OOH 
3000.OON 
2000.OON 
2000.OON 
2000.ODN 
2000.OCN 
2000.OOH 
2000.OON 
2000.OON 
2000.OON 
2000.OON 

200000.OON 
2000.OOH 
2000.OOH 
2000.OON 
2000.OON 
2000.OON 
2000.OOM 
200C00N 
2000.OON 
2000.OCN 

4-Hitro 
aniline 

ppb 

2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OOH 
2000.OON 
2000.OON 
4000.OOM 
7000.OON 

20000.OON 
3000.ODN 
2000.OON 
2000.OON 
2000.OON 
2000.OCN 
2000.OON 
2000.OON 
2000.OON 
2000.OON 
2000.OON 

200000.OON 
2000.OOH 
2000.OON 
2000.OON 
2000.OON 
2C0O.O0N 
2000.OCN 
2000.0011 
iOOO.OON 
2000.OON 

Hitro 
benzene 

ppb 

400.OCN 
400.OOH 
400.CON 
400.0CN 
400.OOH 
400.OON 
400.OOH 
700.OOH 
IOOO.OON 
3000.CON 
SOO.OOH 
400.OCN 
400.OON 
400.OCN 
400.OON 
400.OON 
400.OON 
400.OON 
400.OOM 
400.OCN 

30000.OOM 
400.OCN 
400.OON 
400.OON 
400.OOH 
400.OON 
40G.00N 
400.OCN 
4CC0CH 
400.OON 

N-Nitroso j 
diaethyl 

asine 
ppb i 

400. CON 'j 
400.OON . ; 
400.OON 1 
4OCO0N 
400.OCN 
400.OOH ; 
400.OON ] 

; 

SOO.OOH 
400.OOH 
400.OON 
400.OON ; 
400.OON 
400.OON ' 
400.OCN 
400.OCN i 
400.CON 
40C00H 

400.OOH 
4C0.00H 
400.OON 
400.OON 
400,OON ' 
400,00H ' 
400,OCN 
400,OON 
400.CON 

http://400.COM


Paraaetrix Inc. ~ Environaental Data Systea 
HARIHE SEDIHENT SAHPLES - (BASE NEUTRALS) 

Sta Id Anl Event 

7-2-1015 TOT HARCORES 
7-2-910B TOT HARCORES 
T-7-2-01 TOT HARCORES 
T-7-2-12 TOT HARCDRES 
T-7-2-23 TOT MARCORES 
T-7-2-34 TDT HARCDRES 
T-7-2-45 TOT MARCORES 

Hexa 
chloro 

butadiene 
ppb 

400.OON 
400.ODN 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 

Hexachlor 
ocyclopen 

tadiene 
ppb 

400.ODN 
400.OON 
4D0.00N 
400.OON 
400.OON 
400.OON 
400.OON 

Hexa 
chloro 
ethane 

ppb 

400.OON 
400.OCN 
400.00N 
400.00N 
400.ODN 
4DC0eN 
400.OOK 

Indeno 
(1,2,3-cd 

Pyrene 
ppb 

400.OON 
400.OON 
400.00K 
400.OON 
40C00N 
400.OOK 
400.OON 

Iso 
phorone 

ppb 

400.OON 
400.OOH 
400.ODN 
400.ODN 
400.ODN 
400.OON 
400.OON 

2-Hethyl 
naphthlne 

ppb 

400.0CN 
400.OON 
590.OOJ 
400.OON 
400.OCN 
400.OON 
400.OON 

Naphthlne 
ppb 

400.00N 
400.OON 
660.OOJ 
400.OON 
400.OON 
400.00N 
400.OON 

2-Nitro 
aniline 

ppb 

2000.OCN 
2000.OON 
2000.OOH 
2000.OCN 
2000.OON 
2000.OON 
2000.OON 

3-Nitro 
aniline 

ppb 

2000.OOK 
2000.CON 
200CODH 
2000.OOK 
2000.OOH 
200C00H 
2000.OON 

4-Nitro 
aniline 

ppb 

2000.OON 
2000.OON 
2000.OOK 
2000.OON 
2000.OON 
2000.OOH 
2000.OON 

Kitro 
benzene 

ppb 

400.OON 
4eO.OON 
40C0CH 
400.OCN 
400.OON 
400.OON 
400.OON 

N-KitrosD 
diaethyl 

aaine 
ppb 

400.OON 
400.OOK 
400.OON 
40C00K 
4oe.oeN 
40C.00N 
400.OON 



Paraaetrix Inc. — Environaental Data Svsten 
HARINE SEDIHENT SAHPLES - (BASE NEUTRALS) 

Sta Id 

10-01 
10-1015 
10-12 
10-23 
10-230 
10-34 
10-45 
lOA-01 
lOA-12 
lOA-23 
lOA-34 
lOA-45 
10A-7B 
10A-7B 
13-2-12 
13-2-23 
13-2-34 
13-2-45 

Anl Event 

TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCDRES 
TOT HARCORES 
TOT HARCORES 
TOT HARCDRES 
TOT MARCORES 
TOT HARCDRES 
TOT HARCCRES 
TOT MARCDRES 
TOT HARCDRES 
TDT MARCDRES 
TOT HARCDRES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 

13-2-910 TOT HARCORES 
16-0-MO TOT MARCORES 
16-0-01 
16-0-12 
16-0-23 
16-0-34 
16-0-45 
2-1,2-01 
2-1,2-23 

TDT HARCORES 
TOT MARCDRES 
TOT MARCDRES 
TOT HARCCRES 
TOT MARCORES 
TOT MARCORES 
TDT HARCOREE 

2-1,2-34 TOT MARCORES 
2-1,2-45 TOT HARCORES 
2-1,2-78 TDT HARCOREE 

1,3-
Dichloro 
benzene 

ppb 

400.OON 
400.OON 
400.ODN 
400.OON 
40COON 
400.ODN 
400.OOK 
700.OON 
IOOO.OON 
3000.00M 
500.OON 
400.OON 
400.ODN 
400.ODN 
400.OON 
400.OON 
400.00N 
400.OON 
400.OON 
400.OON 

30000.OON 
400.OON 
400.OON 
400.OOH 
400.OOK 
400.OON 
400.0CN 
400.OOH 
40C0eN 
40C00H 

1,4-
Oichloro 
benzene 

ppb 

400.OON 
400.00N 
400.0DN 
400.OOM 
400.OON 
400.OON 
400.OOH 
700.ODN 
IOOO.OON 
3000.OON 
500.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.00N 

30000.ODN 
400.00N 
400.OOH 
400.OOH 
400.ODN 
400.OON 
400.00N 
400.OON 
400.CON 
400.OCN 

3,3'-
Dichloro 

benzidine 
ppb 

800.OON 
800.OON 
700.00N 
800.OON 
700.OON 
800.OON 
BOO.OON 
IOOO.OON 
3000.OON 
6000.OON 
IOOO.OON 
800.OON 
600.CON 
8C0.0CN 
800.00K 
BOO.OCH 
700.OON 
700.OON 
700.OON 
800.OON 

6000O.0CN 
900.OON 
BOO.CON 
BOO.OOH 
900.CON 
900.OCH 
80CO0N 
700.OCN 
eco.OOH 
eoc COH 

Diethyl 
phthalate 

ppb 

4C0.00N 
400.OON 
4CO.O0N 
400.OON 
400.OON 
400.OON 
400.OON 
700.OON 
lOOCOON 
3000.OOH 
SOO.OOH 
40C00H 
400.OON 
~400.eON 
400.OON 
400.OON 
400,OON 
400,OOH 
400,OOH 
400,OOH 

3C00C,00H 
400.OON 
400.OOH 
400.OON 
4CO.00N 
4C0.C0N 
400.00N 
4CCeON 
400.OON 
400.OON 

Diaethyl 
phthalate 

ppb 

400.00N 
400.OON 
400.OON 
400.ODN 
400.OON 
400.OON 
400.OON 
700.OON 
IOOO.OON 
3000.CON 
SOO.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OOM 
400.OON 
400.00N 
400.OCH 

30000.OON 
400.OOH 
400.00H 
400.OON 
400.OON 
400.OON 
400. OON' 
400.OON 
400.OOH 
400.OCN 

Di-n-
Butyl 

phthalate 
ppb 

400.00N 
400.OOH 
40C0GH 
400.OON 
400.OON 
400.OCN 
400.00N 
700.ODN 
IOOO.OON 
3000.OON 
SCO.OON 
400.OOH 
400.OON 
400.00N 
400,OCH 
400.OON 
400.OON 
400.OON 
400.ODN 
400.OON 

30000.OOH 
400.OON 
400.OCN 
400.OCN 
4CC00I; 
400.OON 
400.OOS 
400.OOH 
400.OON 
400,OOM 

2,4-
Dinitro 
toluene 

ppb 

400,00N 
400.00N 
400.OOM 
400.OCN 
400.OON 
400.OON 
400.00N 
700.00N 
IOOO.OON 
3000.OON 
500.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OOH 
400.OON 
400.OOH 
400.OCN 
400.OON 

30000.OON 
400.OON 
400.OCN 
400.OCH 
400.OON 
400.OOK 
4tO.00N 
400.CON 
4CC0CN 
400.OON 

1 L -

Dinitro 
toluene 

ppb 

400.OON 
400.OOH 
400.OON 
400.OON 
400.OON 
400.ODN 
400.OON 
700.OON 
IOOO.OON 
3000.OON 
500.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 

30000.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OCN 
400.OON . 
400.OOH 
400.OON 
400.OCN 

Di-n-
Octyl 

Phthalate 
ppb 

400.OON 
400.OON 
400.OON 
4D0.O0N 
400.OON 
400.OON 
400.OOK 
700.OON 
IOOO.OON 
3000.OON 
500.OOK 
400.OON 
400.OON 
400,OON 
400,OCN 
400,OOH 
400,OOH 
400,OON 
400,00.N 
400,OON 

3000C00N 
400,OCH 
400,OON 
400,OON 
400,(iOM 
400,OON 
400,OOH 
400,OON 
400,OON 
400,OON 

Fluor 
anthene 

ppb 

400.OON 
400.OON 
400.OON 
420.OOJ 
400.OON 
400.ODN 
400.OOH 

3330.OOJ 
4500.OOJ 
7IOO.OOJ 
161C00J 
40C00N 
400.00N 
400.OOH 
400.OON 
400.OON 
400.OON 
400.OON 
400.OCN 
400.OOK 

36000.OOJ 
3150.00J 
2450.COJ 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OON 
400.OOH 

Fluorene 
ppb 

400.00N 
400.OON 
400.OOM 
400.OCN 
400.OON 
400.OCN 
400.OOH 
700.00H 
IOOO.OON 
3000.OON 
500.OON 
400.OCN 
400.00N 
400.OCN 
4C0.00N 
400.OON 
400.OOH 
40C90N 
400.OCN 
400.COM 

3OC0CO0N 
400.OON 
400.OON 
40C00N 
400.OCN 
4CCeCN 
400.CON 
400.OON 
400.OCN 
40Ce&N 

Hexa 
chloro 
benzene 

ppb 

4C0,0CN 
400.OOH 
400.OON 
400.00N 
400.00N 
400.ODN 
400.ODN 
700.CON 
IOOO.OON 
3000.OON 
SOCOCH 
400.OON 
400.OCH 
400.CON 
400.OCH 
400.OOH 
400.OON 
400.OOH 
400.OON 
400.OOH 

30000.OCN 
400.OON 
400.OCN 
400.OON 
400.OCN 
400.OOH 
400.CON 
4CCO0H 
4C0.00N 
400.OON 



Paraaetrix Inc. -- Environaental Data Systea 
HARINE SEDIHENT SAMPLES - (BASE NEUTRALS) 

Sta Id Anl Event 

7-2-1015 TOT HARCORES 
7-2-910B TOT MARCORES 
T-7-2-01 TOT HARCORES 
T-7-2-12 TOT HfiRCORES 
T-7-2-23 TDT MARCORES 
T-7-2-34 TOT HARCDRES 
T-7-2-45 TOT HARCDRES 

1,3-
Dichloro 
benzene 

ppb 

40CO0N 
400.ODN 
400.00N 
400.DON 
4DC00K 
400.OON 
400.OON 

1,4-
Dichloro 
benzene 

ppb 

400.OOK 
400.OON 
400.OOK 
400.OON 
400.OON 
400.ODN 
400.00N 

3,3'-
Di chloro 

benzidine 
ppb 

BOO.OON 
800.OON 
BOO.OON 
BOO.OON 
700.OON 
700.OON 
700.OON 

Diethyl 
phthalate 

ppb 

400.ODN 
400.OON 
400.CON 
4DC00N 
400.OOH 
400.OON 
400.OON 

Disethyi 
phthalate 

ppb 

400.OON 
400.OOK 
400.00N 
400.OOK 
40D.0CN 
400.00N 
400.ODN 

Di-n-
Butyl 

phthalate 
ppb 

400.ODN 
400.OON 
400.OON 
400.ODN 
400.OON 
400.OON 
400.OON 

2,4-
Dinitro 
toluene 

ppb 

400.OON 
4C0.G0H 
4CC00K 
400.OOH 
400.OON 
400.OCN 
400.OON 

2,6-
Dihitro 
toluene 

ppb 

4DC0eN 
400.OOH 
400.OOH 
400.OOH 
400.OOH 
400.OON 
400.OON 

Di-n-
Octyl 

Phthalate 
ppb 

400.ODN 
400.DDK 
400.0DN 
400.0CH 
400.OON 
400.00K 
4CC0DK 

Fluor 
anthene 

ppb 

400.OOK 
400.OON 
400.ODN 
400.OON 
400.OCN 
400.DON 
400.OCN 

Fluorene 
ppb 

4D0.0CN 
400.OON 
400.OON 
400.OON 
400.OOH 
400.OON 
400.OCN 

Hexa 
chloro 
benzene 

ppb 

400.OOH 
400.OON 
400.OCN 
400.OON 
400.OON 
400.OCN 
400.OON 



Paraaetrix Inc. -- Environaental Data Systea 
HARINE SEDIMENT SAHPLES - (BASE NEUTRALS) 

Sta Id 

10-01 
10-1015 
10-12 
10-23 
10-230 
10-34 
10-45 
lOfi-01 
lOA-12 
lOA-23 
lOA-34 
lOA-45 
lOA-76 
lOA-78 
13-2-12 
13-2-23 
13-2-34 
13-2-45 

Anl Event 

TOT MARCDRES 
TOT MARCORES 
TDT MARCORES 
TDT MARCDRES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TOT MARCORES 
TOT HARCORES 
TOT MARCORES 
TOT HARCDRES 
TOT HARCORES 
TDT HARCORES 
TDT MARCORES 
TOT HARCORES 
TOT HARCORES 
TOT HARCORES 
TDT HARCDRES 

13-2-910 TOT HARCDRES 
16-D-+10 TOT HARCDRES 
16-0-01 
16-0-12 
16-0-23 
16-0-34 
16-0-45 
2-1.2-01 

TOT HARCDRES 
TOT MARCDRES 
TOT HARCORES 
TOT HARCORES 
TOT HfiRCORES 
TOT HARCORES 

2-1,2-23 TOT HARCDRES 
2-1,2-34 TOT HfiRCORES 
2-1,2-45 TOT HARCORES 
2-1,2-78 TOT MARCORES 

N-Nitroso 
dipropyl 

aaine 
ppb 

400,OON 
400.OON 
400.ODN 
400.00N 
4D0.O0N 
400.OON 
4DC00N 
700.OON 
IOOO.OON 
3000.OON 
SOO.ODN 
400.OON 
400.OON 
400.OON 
400.ODN 
400.OON 
400.OOH 
400.OON 
400.OON 
400.ODN 

30000.OON 
400.OON 
400.OON 
400.OON 
400.OOH 
400.OON 
400.OON 
400.CON 
400.OON 
400.OON 

N-Nitroso 
diphenyl 
aained) 

ppb 

400.0DN 
400.OON 
400.OOM 
400.OON 
400.00N 
400.00N 
4D0.00N 
700.OON 
IOOO.OON 
3000.OON 
SOO.OOH 
400.OON 
400.OOH 
400.OON 
400.ODN 
400.OON 
400.OON 
400.CON 
400.OON 
400.OON 

3D00C00N 
400.OON 
400.OON 
400.OON 
400.ODN 
400.OON 
400.OCH 
400.OOH 
400.OON 
400.OON 

Phen 
anthrene 

ppb 

400.OON 
400.00N 
400.OON 
400.OOH 
400.OON 
400.OOH 
400.00N 
407COOJ 
1500.0DJ 
3000.OON 
1250.00J 
400.OON 
400.OCH 
400.00N 
400.OON 
400.OON 
400.OON 
400.OOM 
400.0DN 
400.COM 

36000.OOJ • 
3930.OOJ 
2860.OOJ 
400.OON 
400.OOH 
400.OON 
400.OCN 
400,OOH 
400,OOH 
400.OOM 

Pyrene 
ppb 

400,OON 
400.00H 
40CO0H 
400.00H 
400.OON 
400.CON 
400.OON 
3550.OOJ 
4900.OOJ 
7600.OOJ 
2660.OOJ 
400.00N 
400.OOH 
400.OOH 
400.OON 
400.OON 
400.OON 
400.OON 
400.OOH 
400.OON 

30000.OOH 
3540.OCJ 
2570.OOJ 
400.OCN 
400.OON 
400.CON 
400.OON 
400.OOH 
400.OON 
400.OON 

1,2,4-Tri 
chloro 
benzene 

ppb 

400.OOK 
400.OOH 
4D0.00K 
400.0CK 
400.OOH 
400.OON 
4D0.00N 
700.OON 
lOOCODK 
3000.OON 
SOO.OOH 
400.OON 
400.00K 
400.ODN 
400.OOK 
400.OOK 
400.OOH 
400.OOH 
400.ODN 
400.OON 

30000.OON 
400.0DH 
400.OOK 
400.OOH 
400.00H 
400.OCH 
400.OCH 
400.OON 
400.00)1 
400.OON 



Paraaetrix Inc. -- Environiental Data Systei 
HARINE SEDIHENT SAHPLES - (BASE NEUTRALS) 

Sta Id Anl Event 

7-2-1015 TOT HARCORES 
7-2-910B TOT HARCORES 
T-7-2-01 TOT HfiRCORES 
T-7-2-12 TDT MARCORES 
T-7-2-23 TOT MARCORES 
T-7-2-34 TOT HARCORES 
T-7-2-45 TDT HARCORES 

N-Nitroso 
dipropyl 

asine 
ppb 

400.OOH 
400.OON 
400.ODN 
400.OON 
400.OON 
400.ODN 
400.OON 

N-Nitroso 
diphenyl 
asine(l) 

ppb 

400.OON 
400.OON 
400.OON 
40C00N 
400.OOH 
400.OON 
400.OON 

Phen 
anthrene 

ppb 

400.OOK 
400.OOK 
400.OON 
400.OON 
ADC DDK 
400.OON 
400.OON 

Pyrene 
ppb 

400.ODN 
400.OON 
400.OON 
400.OOK 
400.OOH 
400.OON 
400.ODN 

1,2,4-Tri 
chloro 

benzene 
ppb 

400.00)1 
400.OON 
400.OOK 
400.ODN 
400.OON 
400.OCN 
400.OON 





I, 

PERCENT OF LARUAE SURUZUXNQ 

STANDARD ERROR OF EACH SAMPLE INDICATED 
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PERCENT OP LARUAE THAT ARE ABNORMAL 

STANDARD ERROR OP EACH SAMPLE INDICATED 
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Asarco Marine Amphipod Bioassay Resul t s 

* - sample d e l e t e d due t o lack of a e r a t i o n . 

S a m p l e No . 
0 - 2 . 
0 - 2 
0 - 2 
0 - 2 
0 - 2 

0 - 3 
0 - 3 
0 - 3 
0 - 3 
0 - 3 

1 - 1 
1 - 1 
1 - 1 
1 - 1 
1 - 1 

2 - 1 
2 - 1 
2 - 1 
2 - 1 
2 - 1 

2 - 5 
2 - 5 
2 - 5 
2 - 5 
2 - 5 

3 - 2 
3 - 2 
3 - 2 
3 - 2 
3 - 2 

3 - 4 
3 - 4 
3 - 4 
3 - 4 
3 - 4 

3 - 5 
3 - 5 
3 - 5 
3 - 5 
3 - 5 

3 - 6 
3 - 6 
3 - 6 
3 - 6 
3 - 6 

R e p . 
1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

S u r v i v o r s 
18 
20 
18 
18 
19 

17 
13 
18 

6 
17 

19 
18 
20 
17 
20 

20 
18 
20 
19 
19 

18 
17 
16 
16 
14 

18 
1 * 

17 
16 
18 

16 
19 
15 
19 
17 

12 
13 

9 
15 

1 * 

18 
0 * 

19 
20 
20 

A v e r a g e 
1 8 . 6 

1 4 . 2 

1 8 . 8 

1 9 . 2 

1 6 . 2 

14 
1 7 . 2 5 

1 7 . 2 

10 
1 2 . 2 5 

1 5 . 4 
1 9 . 2 5 

P e r c e n t S u r v i v a l 
9 3 . 0 % 

7 1 . 0 % 

9 4 . 0 % 

~ 

9 6 . 0 % 

8 1 . 0 % 

7 0 . 0 % 
8 6 . 2 5 

8 6 . 0 % 

5 0 . 0 % 
6 1 . 2 5 • 

7 7 . 0 % 
9 6 . 2 5 

"' " 

4 - 2 1 7 10 .2 51.0% 



4 
4 
4 
4 

5 
5 
5 
5 
5 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

8 
8 
8 
8 
8 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

11 
11 
11 
11 
11 

12 
12 
12 
12 
12 

16 
16 
16 
16 
16 

-2 
-2 
-2 
-2 

-0 
-0 
-0 
-0 
-0 

-1 
-1 
-1 
-1 
-1 

-3 
-3 
-3 
-3 
-3 

-4 
-4 
-4 
-4 
-4 

-1. 
-1 
-1 
-1 
-1 

-2 
-2 
-2 
-2 
-2 

-7 
-7 
-7 
-7 
-7 

-1 
-1 
-1 
-1 
-1 

-1 
-1 
-1 
-1 
-1 

2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

16 -4 

6 
11 
13 
14 

20 
19 
19 
19 
14 

2 
0 
1 
0 
0 

18 
19 
13 
14 
14 

18 
16 
17 
16 
16 

16 
18 
20 
17 
15 

20 
19 
18 
19 
17 

20 
20 
19 
20 
17 

10 
7 
9 
7 
5 

19 
19 
17 
20 
20 

18 

18.2 

0.6 

15.6 

16.6 

17.2 

18.6 

19.2 

7.6 

19 

91.0% 

3.0% 

78.0% 

83.0% 

86.0% 

93.0% 

96.0% 

38.0% 

95.0% 

16.6 83.0% 



16 -4 
16 -4 
16 -4 
16 -4 

18 -2 
18 -2 
18 -2 
18 -2 
18 -2 

22 -1 
22 -1 
22 -1 
22 -1 
22 -1 

22 -2 
22 -2 
22 -2 
22 -2 
22 -2 

2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

16 
15 
14 
20 

20 
16 
18 
17 
15 

16 
19 
18 
20 
18 

14 
14 
14 
15 
18 

17.2 86.0% 

18.2 91.0% 

15 75.0% 



flrnphipod B i o a s s a y S u m m a r y T a b l e 

T o t a l P e r ' c e n t 
S a m p l e R e p l i c a t e S u f - v i v a l S u r ~ v i v a l M e a n STD 

CS 
C S I 
T i z ie -s 
TIZI0-3 
T 1 0 - 1 
T l i a - 2 
T l l - 7 
T l S - 1 
T 1 6 - 1 
T 1 6 - A 
T i a - £ 
T i a i - 1 
T S 2 - 1 
T a £ - S 
T 0 £ - 1 
T I 3 2 - 5 
T 0 3 - 2 
T 0 3 - 4 
T133-5 
T i a 3 - 6 
T 0 4 - 2 
T135-0 
T1216-I 
T1Z16-3 
T 0 a - 4 

5 
S 
S 
5 
5 
S 
5 
5 
5 

5 
5 

5 
5 
5 
5 

5 
5 
5 
5 

5 
5 
S 
5 
5 
5 

19 
20 
19 
17 
15 
17 
17 

5 
£0 

20 
15 
20 

la 
18 
19 
14 

la 
17 

20 
14 

14 
0 
14 

la 

95 
100 
95 
85 
75 
85 
85 

£5 
100 
100 
75 

100 
90 
90 
95 
70 
90 

85 

100 
70 
70 
0 

70 

80 

99.00 
98.00 
93.00 
71.00 
86.00 
93.00 
96.00 
38. 00 
95.00 

83.00 
86. 00 
94. 00 

91.00 
75.00 
96. 00 
81. 00 
0 0 . ClwJ 

36.00 
51.25 
96. £5 
51.00 
91.00 
3.00 

78.00 
83. 00 

£. 00 
4. 00 
4. 00 

22. £3 
8.60 
5. 10 
5. 83 

a.7£ 
5.48 

10. 77 
8. 60 
5.83 
6. 63 

7.75 
3. 74 
S. 63 
4. 15 
a. 00 

10.83 
4. 15 

15. 94 

10.68 
4.00 

12.06 
4. 00 



flSPlRftCO B ID f lSSOY - OYSTERS 
7/16/88 

Sample 
T5-0 
T5-0 
T5-0 
T5-0 
T5-0 

T10-1 
T10-1 
T10-1 
T10-1 
T10-1. 

- T10-£ 
T10-£ 
T10-£ 
T10-£ 
T10-2 

Tll-7 
Tll-7 
Tll-7 
Tll-7 
Tll-7 

T12-1 
T12-1 
T12-1 
T12-1 
T12-1 

T16-1 
T16-1 
T16-1 
T16-1 
T16-1 

T16-4 
T16-4 
T16-4 
T16-4 
T16-4 

T18-2 
Tia-2 
Tia-2 
Tia-£ 
Tia-£ 

SWC 
SWC 
SWC 
SWC 
SWC 

Control counts 

Rep. 
1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
£ 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

Normal 
17 
32 
32 
36 
28 

1 
0 
£ 
1 
2 

7 
15 
7 
3 
1 

54 
48 
100 
47 
6£ 

1 
0 
3 
£ 
£ 

39 
33 
23 
28 
£5 

5 
3 
2 
5 
5 

3 
7 
£ 
1 
6 

97 
179 
210 
190 
147 

= 204 
Percent 
Normal 
62.96 
47.06 
53.33 
48.00 
43.75 

4. 00 
0. 00 

11. 11 
£.70 

£2.22 

38.89 
41.67 
46.67 
42.86 
12.50 

93. 10 
97.96 
95.24 
90.38 
93.94 

8.33 
0. 00 
3.41 
6.06 
8.70 

61.90 
42.31 
71. 88 
54. 90 
38.46 

14.29 
10. 00 

100.00 
8.20 

£0.00 

11.11 
7.53 

100.00 
3.85 

27.27 

98. 98 
99.44 
99.06 
97.94 
99.32 

SWC=Sea water control 

fibnorrnal 
10 
36 
£8 
39 
36 

£4 
7 

16 
36 
7 

11 
£1 
a 
4 
7 

4 
1 
5 
5 
4 

11 
8 

85 
31 
£1 

£4 
45 
9 

£3 
40 

30 
£7 
0 

56 
£0 

24 
86 
0 

£5 
16 

1 
1 
£ 
4 
1 

Percent Total 
Obnormal Survival 

37.04 
52. 94 
46. 67 
52. 00 
56.25 

96.00 
100.00 
88.89 
97.30 
77. 78 

51. 11 
58. 33 
53. 33 
57. 14 
87.50 

5.90 
£. 04 
4.76 
9.62 
6.06 

91.57 
100.00 
96.59 
93.94 
91. 30 

38. 10 
57.59 
£8. 13 
45. 10 
61.54 

85. 71-
90.00 
0. 00 

91.80 
80. 00 

88.89 
9£. 47 
0. 00 

95. 15 
72.73 

1.02 
0.56 
0. 94 
2.06 
0. 68 

£7 
68 
50 
75 
64 

£5 
7 
IS 
37 
9 

IS 
36 
15 
7 
8 

58 
49 
105 
5£ 
55 

1£ 
8 

68 
33 
£3 

53 
78 
32 
51 
65 

35 
30 
£ 

61 
£5 

27 
93 
2 

26 
£2 

98 
180 
£1£ 
194 
148 

-
Percent 

Survival 
13.24 
33. 33 

- £9.41 
35.76 
.31.37 

12. £5 
3. 43 
a. S£ 

.18. 14 
- . 4. 41 

8. 82 
- 17.55 

_ - 7. 35 
. - 3.43 

3. 9£ 

£S. 43 
£4. 0£ 
51. 47 
£5.49 
32.35 

5.88 
3.92 

43. 14 
15. la 
11.27 

30. as 
38. 24 
15. 69 
£5. 00 
31.86 

17. 16 
14. 71 
0.98 

£9.90 
1£. £5 

13. £4 
45.59 
0. 98 

1£. 75 
10.78 

48. 04 
88. £4 

103.9£ 
95. 10 
7£. 55 



fiSARACO BIOPSSflY - OYSTERS 
8/11/88 

Sample 
CS 
CS 
CS 
CS 
CS 

T0-2 
T0-£ 
T0-£ 
T0-£ 
T0-£ 

T0-3 
T0-3 
T0-3 
T0-3 
T0-3 

Tl-1 
Tl-1 
Tl-1 
Tl-1 
Tl-1 

T£-l 
T2-1 
T£-l 
T2-1 
T2-1 

T5-0 
T5-0 
T5-0 
T5-0 
T5-0 

T10-1 
T10-1 
T10-1 
T10-1 
T10-1 

Cont 

Rep. 
1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
£ 
3 
4 
5 

1 
2 

3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

rol count 

Normal 
15 
9£ 
86 

106 
45 

66 
52 
49 
34 
78 

10 
92 
43 
40 
42 

72 
73 
39 
2 

46 

26 
35 
53 
21 
13 

3 
3 

34 
22 
25 

0 
1 
0 
0 
1 

s=£35 
Percent 
Normal 
65. 22 

100.00 
97.73 
97.25 
100.00 

68.04 
73.24 
58.33 
73.91 
78.79 

76.92 
92. 00 
55. 13 
78.43 
82. 35 

81.82 
83.91 
76.47 
28.57 
83.64 

61.90 
51.47 
70.67 
67.74 
40. 53 

100.00 
30.00 
77.27 
78.57 
62.50 

0. 00 
9.09 
0. 00 
0. 00 
3.33 

CS=Control 

Abnormal 

a 
0 
2 
3 
0 

31 
19 
35 
12 
21 

3 

a 
35 
11 
9 

16 
14 
12 
5 
9 

16 
33 
££ 
10 
19 

0 
7 

10 
6 

15 

0 
10 
5 

34 
£9 

sediment l 
Percent 

Abnormal 
34. 7S 
0. 00 
£.£7 
2. 75 
0. 00 

31.96 
25.76 
41. 67 
25.09 
21. £1 

23.08 
8.00 

44. 87 
21.57 
17. 55 

18. 18 
15.09 
23. S3 
71. 43 
16. 36 

38. 10 
48. 53 
29. 33 
32.25 
59.33 

0. 00 
70. 00 
££.73 
£1. 43 
37.50 

0. 00 
90.91 
100.00 
100.00 
96.67 

SWC=Sea wat 
Total 

Survival 
£3 
9£ 
88 

109 
45 

97 
71 
84 
45 
99 

13 
100 
78 
51 
51 

aa 
37 
51 
7 

55 

4£ 
53 
75 
31 
32 

3 
10 
44 
£8 
40 

0 
11 
5 

34 
30 

er cont ro1 
Percent 

Survival 
9.79 

39. 15 
37.45 
45. 33 
19. 15 

41, 28 
30. £1 
35. 74 
19.57 
42. 13 

5.53 
42. 55 
3 3 . 19 
2.1..70 
2T . 70 

37. 45 
37.02 
21. 70 
£.98 

23.40 

17. 37 
28.94 
31. 91 
13. 19 
13.62 

1.28 
4, 26 

13.72 
11.91 
17.02 

0. 00 
4.58 
2. 13 

14. 47 
12.77 



ftSARACO BIOASSAY - OYSTERS 
3/11/88 Control counts=235 CS=Control sediment SWC=Sea water control 

Percent Percent Total Percent 
Sample Rep. Normal Normal Abnormal Abnormal Survival Survival 

T10-2 
T10-2 
T10-2 
T10-2 
T10-2 

Tll-7 
Tll-7 
Tll-7 
Tll-7 
Tll-7 

T12-1 
T12-1 
T12-1 
T12-1 
T12-1 

T15-1 
T16-1 
T15-1 
T15-1 
T16-1 

T16-4 
T16-4 
T15-4 
T15-4 
T15-4 

T18-2 
Tia-2 
Tia-2 
T18-2 
Tia-2 

SWC 
SWC 
SWC 
SWC 
SWC 

1 
£ 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
iZ. 

3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

22 
3 

26 
49 
A 

49 
36 

153 
107 
111 

17 
18 
0 
0 
0 

29 
34 
5 
19 
42 

24 
39 
3 
5 
18 

20 
63 
17 

a 
£5 

171 
138 
£04 
97 

££7 

88.00 
30.00 
55.32 
75.38 
55.67 

48.04 
84.31 
97.53 
98. 17 
96. 5£ 

41. 46 
40.91 
0. 00 
0. 00 
0. 00 

85. £9 
91.89 
85.71 
100.00 
95.45 

100. 00 
97.50 
30. 00 
33. 33 
100.00 

£8.57 
95.45 
73.91 
7£. 73 
75.75 

98.28 
100.00 
94.01 

100. 00 
99. 13 

3 
7 

£1 
15 
£ 

53 
15 
4 
£ 
4 

£4 
£5 
0 
0 
0 

5 
3 
1 
0 
£ 

0 
1 
7 
1 
0 

50 
3 
6 
3 
8 

3 
0 
13 
0 
£ 

12.00 
70.00 
44.58 
24.62 
33. 33 

51.95 
15.59 
2. 47 
1. 83 
3.48 

58.54 
59.09 
0. 00 
0. 00 
0. 00 

14. 71 
a. 11 

14.29 
0. 00 
4.55 

0. 00 
2.50 

70. 00 
16.67 
0. 00 

71.43 
4.55 

26.09 
£7.27 
£4.24 

1.72 
0. 00 
5.99 
0. 00 
0.87 

25 
10 
47 
65 
6 

102 
10£ 
16£ 
109 
1 15 

41 
44 
0 
0 
0 

34 
37 
7 
19 
44 

£4 
40 
10 
6 
18 

70 
65 
£3 
11 
33 

174 
138 
£17 
97 

229 

10. 64 
4.25 

£0. 00 
£7.65 
2. 55 

43. 40 
43. 40 
58. 94 
45. 38 
48. 94 

• 17.45 
18.72 
0. 00 
0. 00 
0. 00 

14. 47 
15.74 
£. 98 
8.09 

18.72 

10.21 
17, 02 
4, £5 
£.55 
7. 56 

29. 79 
£3. 09 
9.79 
4. 58 

14. 04 

74. 04 
58. 7£ 
92.34 
41.28 
97.45 
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The benthic data in this section consists of 5 replicates for 
each station. These replicates are referred to by the station 
number and suffixes A thru E. The the sixth colimm in each 
group is the total for the 5 replicates. 



ASARCO STATIONS 
TAXON NAME 

RAU BIOLOGICAL OATA 

Porifera sp. Indet. 
Cnidaria sp. Indet. 
Hydroida lencrustingl sp. Indet. 
Obelia sp. Indet. 
Sertulariidae sp. Indet. 
Thuiaria sp. Indet. 
PluBuIariidae sp. Indet. 
Rnthoioa sp. Indet. 
Pachycerianthus fiabriatus 

Halcampa deceaententaculata 
Platyhelainthes 
Polycladida sp. Indet. 
Kronborgia pugettensis 
TurbeUaria-Kalyptorhynchia sp. Indet. 
Nenertea sp. Indet. 
Tubulanus sp. Indet. 
Cerebratulus sp. 1. 
Lineus sp. Indet. 
Nicrura sp. Indet. 
Nesertea-Enopla sp. Indet. 
tephiporuB sp. Indet. 
Neaatoda sp. Indet. 
Polynoidae sp. Indet. 
Halosydna brevisetosa 
Harflothoe sp. Indet. 
Hanrathoe inbricata 
Haraothoe nr. H. lunulata 
Lepidonotus squamatus 
Lepidasthenia longicirrata 
Tenonia kitsapensis 
Pholoides aspera 
Pholoe ainuta 
Sthenelais berkeleyi 
Sthenelais tertiaglabra 
Paleonotus bellis 
Phyllodocide sp. Indet. 
PhyUodoce sp. Indet. 
Phyllodoce groenlandica 
Phyllodoce nucosa 
Eteone sp. Indet. 
Eteone califomica 

T2-5-A 

8 

e 
0 

e 
0 
0 
0 
0 
1 

0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
0 
2 
0 
0 
I 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

T2-5-B 

0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
9 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

T2-5-C 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
I 
0 
0 
0 
2 
0 
1 
0 
0 
0 
0 
1 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T2-5-D T2-5-E T2-5-T0T 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
1 
1 
0 
0 
2 
1 
0 
0 
1 
0 
4 
0 
1 
0 
0 
0 
2 
0 
1 
0 
2 
1 
0 
4 
0 
0 

15 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 

T3-5-A 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
B 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.0 

T3-5-B 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T3-5-C 

' 0 
0 

. 0 
0 
0 
0 

' 0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
8 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T3-5-D 

0 
0 
0 
1 
0 
0 
0 

0 
0 

0 

0 
2 

0 
0 
0 
0 
2 
0 
0 
0 
0 
5 
0 
0 

28 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 

T3-5-E 

0 
0 
0 
0 
0 
2 
0 
1 
1 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
1 
0 
0 
9 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 

T3-5-T0T 
J . 

0 1 
0 
0 
1 

e 
2 i 
0 
2 j 
2 
1 
0 
1 
1 

1 I 
2 \ 

« 1 
2 1 
1 
0 
0 1. 
1 ^ ! 

• 1 
• i' 
0 
0 
0 
0 
6 ! 

« j 
0 1 

54 

* . 1 0 ! 

« i 
0 
0 
0 
4 
0 ' 
0 
0 



A S A O STATIONS - RAU BIOLOGICAL DATA 
' TAXON NAIC 
1 

Porifera sp. Indet. 
Cnidaria sp. Indet. 
Hydroida (encrusting) sp. Indet. 
Obelia sp. Indet. 
Sertulariidae sp. Indet. 
Thuiaria sp. Indet. 
Pluaulariidae sp. Indet, 
Anthozoa sp. Indet. 
Pachycerianthus fiabriatus 
Halcaapa deceaententaculata 
Platyhelainthes 
Polycladida sp. Indet. 
Kronborgia pugettensis 
Turbellaria-Kalyptorhynctiia sp. Indet. 
Nenertea sp. Indet. 
Tubulanus sp. Indet. 
Cerebratulus sp. 1. 
Lineus sp. Indet. 
Nicrura sp. Indet. 
Neaertea-Enopla sp. Indet. 
Anphiporus sp. Indet. 
Neaatoda sp. Indet. 
Polynoidae sp. Indet. 
Halosydna brevisetosa 
Haraothoe sp. Indet. 
Haraothoe iabricata 
Haraothoe nr. H. lunulata 
Lepidonotus squaaatus 
Lepidasthenia longicirrata 

' Tenonia kitsapensis 
Pholoides aspera 
Pholoe ainuta 
Sthenelais berkeleyi 
Sthenelais tertiaglabra 
Paleonotus bellis 
Phyllodocide sp. Indet. 
Phyllodoce sp. Indet. 
Phyllodoce groenlandica 
Phyllodoce aucosa 
Eteone sp. Indet. 

! Eteone califomica 

!'i : • • • • . . ; 

T4-2-A 

10 
I 
0 
0 
4 
0 
1£ 
0 
0 
1 
1 
0 
11 
0 
1 
2 
0 
2 
1 
0 
0 
0 
48 
0 
0 
0 
0 
11 
0 
0 

7£1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

T4-2-B 

0 
0 
0 
0 
1 
0 
5 
0 
0 
0 
1 
0 
3 
0 
0 
0 
0 
0 
I 
0 
0 
0 
23 
0 
0 
0 
0 
1 
1 
0 

179 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T4-2-C 

26 

101 

0 
0 
0 
0 
0 
2 

T4-2-D 

5 
0 
0 
0 
1 
0 
16 
0 
0 
I 
0 
0 
S 
0 
1 
0 
0 
3 
0 
1 
0 
1 

38 
0 
0 
0 
0 
7 
0 
0 

241 
0 
0 
0 
0 
1 
1 
0 
0 
0 
2 

T4-2-E 

B 
0 
0 
0 
1 
0 
15 
0 
0 
1 
0 
0 
13 
0 
0 
0 
0 
1 
0 
0 
0 
0 
31 
0 
0 
0 
0 
7 
0 
0 

328 
1 
0 
0 
0 
0 
0 
0 
0 
0 
2 

T4-2-T0T 

23 
2 
0 
0 
8 
0 
58 
0 
0 
3 
3 
0 
36 
0 
3 
2 
0 
6 
2 
1 
0 
1 

166 
0 
0 
0 
0 
26 
2 
0 

1176 
4 
0 
0 
0 
2 
1 
0 
0 
0 
6 

T6-3-A 

0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
2 
1 
0 
0 
S 
0 
0 
0 
0 
2 
1 
0 
9 
0 
0 
0 
0 
I 
0 
0 
2 
0 
0 

... : 

T6-3-B 

8 
0 
0 
1 
0 
2 
0 
1 
0 
0 
0 
0 
0 
0 
2 
0 
1 
0 
1 
0 
0 
0 
2 
1 
0 
0 
0 
1 
1 
0 
29 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 

'. ., - _: 

T6-3-C 

24 

; 

T6-3-D 

0 

' 6 

11 

• - - • • • 

T6-3-E 

0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 

: 

T6-M0T 1 

0 i 
0 

1 
« ! 
3 i 
0 
2 ! 

0 1 
10 
5 i 
» ( 
1 

f 0 
0 
0 1 
B 
1 t 
4 
0 

1 

• ' 
1 
0 
« 
23 
1 
0 
I 
0 
10 
3 
0 
73 
0 
1 
0 
e 
6 
0 
1 
16 
0 
1 

i . i 

1 

1 

1 
! 

' 

I 
i 
'. 

V-



ASARCO STATIONS - RAU BIOLOGICAL DATA 

TAXON NAME 

Porifera sp. Indet. 
Cnidaria sp. Indet. 
Hydroida (encrusting) sp. Indet. 

Obelia sp. Indet. 
Sertulariidae sp. Indet. 
Thuiaria sp. Indet. 
Pluaulariidae sp. Indet. 

Anthozoa sp. Indet. 
Pachycerianthus fiabriatus 

Halcaapa deceaententaculata 
Platyhelainthes 

Polycladida sp. Indet. 
Kronborgia pugettensis 

TurbeUaria-Kalyptorhynchia sp. Indet. 
Nenertea sp. Indet. 

tubulanus sp. Indet. 

Cerebratulus sp. 1. 

Lineus sp. Indet. 
Nicrura sp. Indet. 

Neaertea-Enopla sp. Indet. 

Anphiporus sp. Indet. 

Neaatoda sp. Indet. 
Polynoidae sp. Indet. 

Halosydna brevisetosa 
Haraothoe sp. Indet. 

Haraothoe iabricata 
Haraothoe nr. H. lunulata 

Lepidonotus squanatus 

Lepidasthenia longicirrata 

Tenonia kitsapensis 
Pholoides aspera 

Pholoe ainuta 

Sthenelais berkeleyi 

Sthenelais tertiaglabra 
Paleonotus bellis 

Phyllodocide sp. Indet. 
Phyllodoce sp. Indet. 

Phyllodoce groenlandica 
Phyllodoce aucosa 

Eteone sp. Indet. 

Eteone califomica 

T8-4-A 

3 
0 
3 
7 
1 
0 
0 
3 
0 
1 
0 
I 
0 
0 
0 
3 
0 
10 
0 
1 
4 
1 
6 
0 
0 
1 
0 
9 
0 
0 
41 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T8-4-B 

1 
0 
0 
8 
10 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
3 
0 
4 
2 
2 
0 
0 
2 
0 
8 
0 
0 
43 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 

T8-4-C 

1 
0 
0 
2 
0 
0 
0 
1 
0 
2 
0 
0 
0 
0 
6 
0 
0 
2 
0 
0 
0 
0 
1 
0 
0 
2 
0 
2 
0 
0 
19 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 

T8-4-D 

0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
3 
2 
0 
0 
5 
1 
1 
0 
0 
0 
0 
8 
1 
0 
14 

• 0 

0 
0 
0 
0 
0 
1 
0 
1 
0 

T8-4-E 

0 
0 
0 
3 
4 
0 
0 
5 
0 
0 
0 
0 
0 
1 
0 
1 
0 
15 
0 
0 
3 
9 
il 
0 
0 
1 
0 
3 
2 
0 
29 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T8-4-T0T 

5 
0 
3 

. 21 
16 
0 
0 
11 

, « 
3 
0 
1 
0 
1 
7 
5 
3 
34 
3 
1 
16 
13 
21 
0 
0 
6 
0 
30 
3 
0 

146 
2 
0 
0 
0 
0 
0 
2 
'0 
2 
0 

T10-1-A 

1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
1 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
15 
0 
1 
0 
6 
0 
4 

T10-1-B 

4 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
4 
0 
12 
0 
2 

T10-1-C 

1 
0 
2 
0 
0 
0 
0 
I 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
27 
0 
2 
0 
4 
0 
0 

T10-1-D 

1 
0 
2 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
8 
1 
0 
.0 
6 
0 
0 

T10-1-E 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
1 
0 
0 
1 
1 
0 
0 
11 
0 
0 

1 

T10-1-TOT 

7 

,• » 

4 
0 
0 
0 
0 
4 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
1 
IS 
1 
0 
0 
0 
2 
0 
0 
2 
2 
0 
0 
57 
2 
7 
10 
39 
0 
6 



ASARCO STATIONS - RAU BIOLOGICAL DATA 

TAXON N W C T11-7-A T11-7-B Tn-7-C T11-7-D T11-7-E T11-7-T0T T12-1-A T12-1-B T12-1-C T12-1-D T12-1-E T12-1-T0T 

Porifera sp. Indet. 0 0 0 0 0 0 0 0 0 0 0 0 
Cnidaria sp. Indet. 0 0 0 0 0 0 0 0 0 0 0 0 
Hydroida (encrusting) sp. Indet. 0 1 0 0 0 1 0 0 0 0 0 0 
Obelia sp. Indet. 0 0 0 0 0 0 0 2 5 1 
Sertulariidae sp. Indet. 1 0 2 1 1 5 0 0 0 0 
Thuiaria sp. Indet. 3 2 1 2 1 9 0 0 0 1 
Pluaulariidae sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Anthozoa sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Pachycerianthus fiabriatus 0 0 0 0 0 0 0 0 0 0 
Halcaapa deceaententaculata 0 0 0 0 0 0 0 0 0 0 
Platyhelainthes 0 0 0 0 0 0 0 0 0 0 
Polycladida sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Kronborgia pugettensis 0 0 0 0 0 0 0 8 0 0 
Turbellaria-Kalyptorhyndiia sp. Indet. 0 0 0 0 1 1 0 0 0 0 
Nenertea sp. Indet. 1 1 1 0 1 4 0 0 0 2 
Tubulanus sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Cerebratulus sp. 1. 1 0 0 0 0 1 0 0 0 0 
Lineus sp. Irdet. 0 0 0 0 0 0 0 0 0 0 
Nicrura sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Neaertea-Enopla sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Anphiporus sp. Indet. 0 0 0 0 0 0 0 0 0 0 

0 
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0 
0 
0 
0 
0 
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0 
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0 
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0 
0 
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0 
0 
1 
0 
0 
0 
0 
5 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
0 
0 
0 
0 

Neaatoda sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Polynoidae sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Halosydna brevisetosa 0 0 0 0 0 0 0 0 0 0 
Haraothoe sp. Indet. 0 0 0 . 0 0 0 0 0 0 0 
Haraothoe iabricata 0 1 0 0 8 1 0 0 0 0 
Haraothoe nr. H. lunulata 0 0 0 0 0 0 0 0 0 0 
Lepidonotus squanatus 0 0 0 0 0 0 0 0 0 0 
Lepidasthenia longicirrata 0 0 0 0 0 0 0 0 0 0 
Tenonia kitsapensis 0 0 0 0 0 0 0 0 0 0 
Pholoides aspera 0 5 0 0 0 5 0 0 0 1 
Pholoe ainuta 0 0 0 0 0 0 2 0 0 0 
Sthenelais berkeleyi 0 0 0 0 0 0 0 0 0 0 
Sthenelais tertiaglabra 0 1 0 0 0 1 0 0 0 0 
Paleonotus bellis 0 0 0 0 0 0 6 0 0 5 
Phyllodocide sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Phyllodoce sp. Indet. 0 0 0 0 0 0 0 3 0 5 
Phyllodoce groenlaridica 0 0 0 0 0 0 0 0 0 0 
Phyllodoce aucosa 0 0 0 0 0 0 1 0 . 1 9 
Eteone sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Eteone califomica 0 0 0 0 0 0 0 0 0 1 
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ASARCO STATIONS - RAW BIOLOGICAL DATA 
TAXON NAME 

Porifera sp. Indet. 
Cnidaria sp. Indet. 
Hydroida (encrusting) sp. Indet. 
Obelia sp. Indet. 
Sertulariidae sp. Indet. 
Thuiaria sp. Indet. 
Pluaulariidae sp. Indet. 
Anthozoa sp. Indet. 
Pachycerianthus fiabriatus 
Halcaapa deceaententaculata 
Platyhelainthes 
Polycladida sp. Indet. 
Kronborgia pugettensis 
TurbeUaria-Kalyptorhynchia sp. Indet. 
Nenertea sp. Indet. 
Tubulanus sp. Indet. 
Cerebratulus sp. 1. 
Lineus sp. Indet. 
Micrura sp. Indet. 
Neaertea-Enopla sp. Indet. 
tephiporus sp. Indet. 
Neaatoda sp. Indet. 
Polynoidae sp. Indet. 
Halosydna brevisetosa 
Haraothoe sp. Indet. 
Haraothoe iabricata 
Haraothoe nr. H. lunulata 
Lepidonotus squanatus 
Lepidasthenia longicirrata 
Tenonia kitsapensis 
Pholoides aspera 
Pholoe ainuta 
Sthenelais berkeleyi 
Sthenelais tertiaglabra 
Paleonotus bellis 
Phyllodocide sp. Indet. 
Phyllodoce sp. Indet. 
Phyllodoce groenlandica 
Phyllodoce aucosa 
Eteone sp. Indet. 
Eteone califomica 

T16-1-A 

0 
0 
0 
0 
0 
6 
6 
0 
8 
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ASARCO STATIONS - RAU BIOLOGICAL DATA 

TAXON NANE 

Porifera sp. Indet. 
Cnidaria sp. Indet. 

Hydroida (encrusting) sp. Indet. 
Obelia sp. Indet. 

Sertulariidae sp. Indet. 
Thuiaria sp. Indet. 

Pluaulariidae sp. Indet. 
Arithozoa sp. Indet. 

Pachycerianthus fiabriatus 
Halcaapa deceaententaculata 

Platyhelainthes 
Polycladida sp. Indet. 
Kronborgia pugettensis 
Turbellaria-4(alyptorhynchia sp. Indet. 

Nenertea sp. Indet. 
Tubulanus sp. Indet. 

Cerebratulus sp. 1. 
Lineus sp. Indet. 

Nicrura sp. Indet. 
Neaertea-Enopla sp. Indet. 

Anphiporus sp. Indet. 
Neaatoda sp. Indet. 

Polynoidae sp. Indet. 
Halosydna brevisetosa 

Haraothoe sp. Indet. 

Haraothoe iabricata 
Haraothoe nr. H. lunulata 
Lepidonotus squanatus 

Lepidasthenia longicirrata 
Tenonia kitsapensis 
Pholoides aspera 
Pholoe ainuta 

Sthenelais berkeleyi 
Sthenelais tertiaglabra 
Paleoriotus bellis 
Phyllodocide sp. Indet. 

Phyllodoce sp. Indet. 
Phyllodoce groenlandica 
Phyllodoce nucosa 
Eteone sp. Indet. 
Eteone califomica 

; . • ' 

T22-l-fl 

17 

0 
1 

— 

T22-1-B 

2 
0 
0 
0 
1 
0 
0 
0 
0 
0 
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0 
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0 
0 
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2 
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T22-1-C 

0 
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11 
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2 
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0 
8 

T22-1-E 
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0 
8 
0 
0 
0 
0 
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0 
0 
0 
0 

0 
0 
0 
0 
2 
6 
7 
0 
0 
0 
1 
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0 
1 
5 
1 
2 
0 
2 
0 
3 
0 
1 
0 
1 

* 

T22-1-T0T 

2 
0 
0 
0 
1 
0 
25 
0 
0 
0 
0 
0 
0 
1 
9 
0 
0 
0 
2 
0 
35 
25 
15 
0 
0 
0 
7 
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0 
3 
14 
9 
2 
0 
6 
1 
8 
0 
2 
0 
23 

T22-2-A 

0 
0 
0 
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0 
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0 
0 
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0 
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0 
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0 
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ASARCO STATIONS 
TAXON NAME 

RAU BIOLOGICAL OATA 
T2-5-A T2-5-B T2-5-C T2-5-D T2-5-E T2-5-T0T T3-5-A T3-5-B T3-5-C T3-5-D T3-5-E T3-5-T0T 

Eteone longa 
Eulalia viridis 
Eulalia bilineata 
Eulalia levicomuta 
Paranaitis polynoides 
Eunida sanguinea 
Phyllodoce hartaanae 
Glyceridae sp. Indet. 
Hesionidae sp. Indet. 
Hesionidae sp. 1 
Nicrophthalaus sp. 1 
Gyptis brevipalpa 
Of^iodroaus pugettensis 
Kefersteinia cirrata 
Nicropodarke dubia 
Siganbra tentaculata 
Pilargis berkeleyae 
Syllidae sp. Indet. 
Autolytus sp. Indet. 
Syllis gracilis 
Syllis elongata 
Eusyllis assinilis 
Exogone lourei 
Sphaerosyllis brandhorsti 
Syllis heterochaeta 
Odontosyllis phosphorea 
Nereis sp. Juv 
Nereis procera 
Nereis aailesi 
Platynereis bicanaliculata 
Nephtys sp. Indet. 
Nephtys caeca 

Nephtys comuta franciscanun 
Nephtys ferruginea 
Sphaerodoropsis sphaerulifer 
Glycera sp. Indet. 
Glycera capitata 
Glycera aaericana 
Goniadidae sp. Juv 
Glycinde picta 
Glycinde amigera 

0 
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ASARCO STATIONS 
TAXON NA)C 

RAU BIOLOGICAL DATA 
T4-2-fl T4-2-B T4-2-C T4-2-D T4-2-E T4-2-T0T TB-3-A T6-3-B T6-3-€ T6-3-D 

Eteone longa 
Eulalia viridis 
Eulalia bilireata 
Eulalia levicomuta 
Paranaitis polynoides 
Eunida sanguinea 
Phyllodoce hartnanae 
Glyceridae sp. Indet. 
Hesionidae sp. Indet. 
Hesionidae sp. 1 
Nicrophthalnus sp. 1 
Gyptis brevipalpa 
OphiodronuB pugettensis 
Kefersteinia cirrata 
Nicropodarke dubia 
Siganbra tentaculata 
Pilargis berkeleyae 
Syllidae sp. Indet. 
Autolytus sp. Indet. 
Syllis gracilis 
Syllis elongata 
Eusyllis assinilis 
Exogone lourei 
Sphaerosyllis brandhorsti 
Syllis heterochaeta 
Odontosyllis phosphorea 
Nereis sp. Juv 
Nereis procera 
Nereis wailesi 
Platynereis bicanaliculata 
Nephtys sp. Indet. 
Nephtys caeca 

Nephtys comuta franciscanun 
Nephtys ferruginea 
Sphaerodoropsis sphaerulifer 
Glycera sp. Indet. 
Glycera capitata 
Glycera anericana 
Goniadidae sp. Juv 
Glycinde picta 
Glycinde amigera 

0 
0 
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0 
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17 
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0 
0 
0 
68 
0 
0 
0 
4 

15 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
8 
0 
0 
0 
1 

0 
3 
0 
0 
22 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
9 
0 
0 
0 
0 
0 
2 
0 
3 
0 

0 
0 
2 
1 
0 
7 
0 
4 
0 
0 
0 
0 
0 
I 
0 
0 
0 
0 
1 
2 
2 
1 
0 
0 
0 
7 
0 
0 
0 
0 
0 
2 
0 
5 
0 
0 
4 
0 
0 
0 
1 

0 
0 
3 
1 
0 

41 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
3 
0 

17 
1 
0 
0 
0 
0 
0 
0 

13 
0 
0 
5 
0 
0 
0 
0 

T6-3-E 

0 
0 
0 
0 
0 
4 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
2 
0 
0 
1 
0 
1 
0 
0 
3 
0 
0 
1 
0 
0 
0 
0 

T6-3-T0T 

0 
0 

11 
2 
0 

89 
0 

14 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
2 
2 
8 
0 
3 
0 

44 
1 
0 
1 
0 
1 
4 
0 

27 
0 
0 

22 
0 
0 
0 
2 



ASARCO STATIONS - RAU BIOLOGICAL OATA 
TAXCMNAHE T8-4-A T8-4-B T8-4-C T8-4-D T8-4-£ T8-4-T0T T10-1-A T10-1-B T10-1-C TlO-l-D TlO-l-E TlO-l-TOT 

Eteone longa 
Eulalia viridis 
Eulalia bilineata 
Eulalia levicomuta 
Paranaitis polynoides 
Eunida sanguinea 
Phyllodoce hartnanae 
Glyceridae sp. Indet. 
Hesionidae sp. Indet. 
Hesionidae sp. 1 
Nicrophthalnus sp. 1 
Gyptis brevipalpa 
Ophiodronus pugettensis 
Kefersteinia cirrata 
Nicropodarke dubia 
Sigaubra tentaculata 
Pilargis berkeleyae 
Syllidae sp. Indet. 
Autolytus sp. Indet. 
Syllis gracilis 
Syllis elongata 
Eusyllis assinilis 
Exogone lourei 
Sphaerosyllis brandhorsti 
Syllis heterochaeta 
Odontosyllis phosphorea 
Nereis sp. Juv 
Nereis procera 
Nereis Hailesi 
Platynereis bicanaliculata 
Nephtys sp. Indet. 
Nephtys caeca 
Ifephtys comuta franciscanun 
Nephtys ferruginea 
Sphaerodoropsis sphaerulifer 
Glycera sp. Indet. 
Glycera capitata 
Glycera anericana 
Goniadidae sp. Juv 
Glycinde picta 
Glycinde amigera 

2 
0 
3 
0 
0 
6 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
8 
8 
8 
8 
8 

0 
0 
5 
0 
0 

12 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
£ 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
1 
0 
0 
0 
2 

0 
0 
3 
0 
0 
16 
0 
0 
0 
0 
0 
0 
0 
0 
0 

11 
0 
0 
0 
0 
0 
0 
0 
11 
0 
0 
1 
0 

1 
0 
0 
8 
0 
0 
0 
0 
8 
8 
1 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
18 
1 
8 
8 
8 
8 
3 
8 
12 
0 
0 
2 
0 
0 
0 
1 

2 
0 
0 
8 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 

1 
0 
0 
0 
10 
0 
0 
0 
0 
0 

2 
0 
14 
0 
0 
50 
2 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

0 
0 
36 
1 
0 
0 
1 
0 
3 
0 
43 
0 
0 
6 

0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
12 
0 
0 
0 
0 
0 
1 
0 
0 
0 

0 
0 
1 
0 
0 
0 
1 
1 
1 

0 
1 
0 
8 
0 
3 
0 
0 
0 
0 
0 
13 
0 

0 
1 
0 
0 
0 
0 
8 
6 
8 
8 
8 
4 
8 
2 

0 
1 
0 
0 
12 
0 

0 
0 
0 
0 
0 
5 
0 
1 
0 
8 
8 
8 
8 
16 
8 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
1 
0 
0 
0 
3 
0 
0 
8 
2 
8 
8 
7 

8 
2 
0 
2 
0 
1 
0 

0 
0 
17 
0 
0 
0 
1 
0 
2 
0 
1 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
2 
0 
0 
4 
0 

0 
0 
0 
3 
0 

26 
0 
5 
0 
0 
0 
0 
0 

64 
0 
0 
0 
1 
0 
4 
0 
2 
0 
0 
0 
8 
0 
0 
0 

15 
1 
3 
0 
5 
0 
0 

32 
0 



ASARCO STATIONS - RAU BimnGICAL DATA 

TAXON NAME' 

Eteore longa 
Eulalia viridis 
Eulalia bilineata 

Eulalia levicomuta 

Paranaitis polynoides 

Eunida sanguinea 
Phyllodoce hartnanae 

Glyceridae sp. Indet. 

Hesionidae sp. Indet. 

Hesionidae sp. 1 
Nicrophthalnus sp. 1 

Gyptis brevipalpa 
Ophiodronus pugettensis 
Kefersteinia cirrata 
Nicropodarke dubia 

Siganbra tentaculata 
Pilargis berkeleyae 

Syllidae sp. Indet. 
Autolytus sp. Indet. 

Syllis gracilis 
Syllis elongata 

Eusyllis assinilis 
Exogone lourei 

Sphaerosyllis brandhorsti 

Syllis heterochaeta 

Odontosyllis phosphorea 
Nereis sp. Juv 

Nereis procera 

Nereis iiailesi 

Platynereis bicanaliculata 
Nephtys sp. Indet. 

Nephtys caeca 
Nephtys comuta franciscanun 

Nephtys ferruginea 
Sphaerodoropsis sphaerulifer 

Glycera sp. Indet. 
Glycera capitata 
Glycera aaericana 
Goniadidae sp. Juv 
Glycinde picta 
Glycinde amigera 

i . - _. . • . - — 

T11-7-A 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
1 
0 
0 
0 
0 

1 . 

T11-7-B' 

0 
0 
0 
0 
1 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 
1 
2 
0 
0 
0 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 

T11-7-C 

0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. 0 

13 
0 
0 
I 
0 
0 
0 
0 

Tl1-7-0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 

T11-7-E 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

- 0 

0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 

T11-7-T0T 

0 
0 
0 
0 
2 
7 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 
1 
3 
0 
0 
0 
0 
0 
0 
0 
33 
0 
0 
2 
0 
0 
0 
0 

T12-1-A 

0 
1 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
0 
1 
0 
0 
0 
4 
0 
2 
0 
3 
0 
0 
0 
0 
0 
2 
0 

»̂  " 

T12-1-B 

0 
0 
0 
0 
0 
1 

y« 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

0 
0 
0 
1 
0 
0 
0 
0 

T12-1-C 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 

— 

T12-1-D 

0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
3 
0 
0 
0 
0 

T12-1-E 

0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T12-1-T0T 

0 
1 
0 

0 
0 
9 ' 

0 

« I 
« 1 
0 1 
0 
0 1 
0 
5 
0 
0 
0 
2 
0 

» i 
0 
0 
0 
0 
0 
3 
0 

0 \ 
0 
5 j 

0 i 
3 
0 

* 
0 1 
» 1 
6 1 
0 ! 
0 
2 
0 

I 1 ; 



ASARCO STATIONS - RAU BIOLOGICAL DATA 
TAXON NAME T16-1-A T16-1-B T16-1-C T16-1-D T16-1-E T16-1-T0T T16-4-A T16-4-B T16-4-C T16-4-D T16-4-E T16-4-T0T 

Eteone longa 0 0 0 0 8 0 0 0 0 0 0 0 
Eulalia v i r id is 0 0 0 0 0 0 0 0 0 0 0 0 
Eulalia bilineata 0 0 0 0 8 8 8 8 8 8 8 0 
Eulalia levicomuta O O O O O O O O O O O O 
Paranaitis polynoides 0 0 0 0 0 0 0 0 0 0 0 0 
Eunida sanguinea 6 5 8 3 7 2 9 1 0 0 0 0 1 
Phyllodoce hartnanae 0 0 0 4 2 6 0 1 1 0 0 2 
Glyceridae sp. Indet. O O O O O O O O O O O O 
Hesionidae sp. Indet. 0 0 0 0 0 8 0 0 0 0 0 0 
Hesionidae sp. 1 2 0 0 0 8 2 8 8 8 8 8 8 
Nicrophthalnus sp. 1 8 8 8 8 8 8 8 8 0 0 0 0 
Gyptis brevipalpa 0 0 0 0 0 0 0 0 0 0 0 8 
Ophiodronus pugettensis 1 8 8 8 8 1 8 8 8 8 8 8 
Kefersteinia cirrata 8 8 8 8 6 6 8 8 8 0 0 0 
Nicropodarke dubia O O O O O O O O O O O O 
Siganbra tentaculata 1 0 0 0 0 1 0 0 0 0 0 0 
Pilargis berkeleyae O O O O O O O O O O O O 
Syllidae sp. Indet. O O O O O O O O O O O O 
Autolytus sp. Indet. O O O O O O O O O O O O 
Syll is gracilis 0 0 0 0 0 O 0 O 0 0 0 0 
Syllis elongata 13 3 3 0 5 2 4 0 0 0 0 0 0 
Eusyllis assinilis 0 0 0 O 0 0 0 0 0 0 O O 
Exogone lourei 9 4 10 8 1 1 4 2 0 0 0 8 8 8 
Sphaerosyllis brandhorsti 8 8 8 8 0 0 0 0 0 0 0 0 
Syllis heterochaeta 1 0 1 0 1 3 0 0 2 0 0 2 
Odontosyllis phosphorea O O O O O O O O O O O O 
Nereis sp. Juv O O O O O O O O O O O O 
Nereis procera 0 0 0 0 0 0 0 0 0 0 0 0 
Nereis nailesi O O O O O O O O O O O O 
Platynereis bicanaliculata 0 0 0 0 1 1 0 0 0 0 0 0 
Nephtys sp. Indet. 1 0 0 0 0 1 0 0 0 , 0 0 0 
Nephtys caeca 0 1 1 0 0 2 0 0 0 0 0 0 

Nephtys comuta franciscanun 5 5 7 1 1 0 2 8 2 1 0 4 0 7 

Nephtys ferruginea 29 21 38 24 29 141 2 4 12 12 12 42 

Sphaerodoropsis sphaerulifer O O O O O O O O O O O O 

Glycera sp. Indet. O O O O O O O O O O O O 

Glycera capitata 8 3 12 4 4 31 1 3 1 2 2 9 

Glycera anericana O O O O O O O O O O O O 

Goniadidae sp. Juv 0 0 0 0 0 0 0 O 0 0 0 0 

Glycinde picta O O O O O O O O O O O O 

Glycinde amigera 2 4 2 3 1 12 0 0 0. 0 0 O 



ASARCO STATIONS 

TAXON NAME 

RAU BIOLOGICAL DATA 

Eteone longa 
Eulalia viridis 
Eulalia bilineata 
Eulalia levicomuta 
Paranaitis polynoides 
Eunida sanguinea 
Phyllodoce hartnanae 
Glyceridae sp. Indet. 
Hesionidae sp. Indet. 
Hesionidae sp. 1 
Nicrophthalnus sp. 1 
Gyptis brevipalpa 
Ophiodronus pugettensis 
Kefersteinia cirrata 
Nicropodarke dubia 
Siganbra tentaculata 
Pilargis berkeleyae 
Syllidae sp. Indet. 
Autolytus sp. Indet. 
Syllis gracilis 
Syllis elongata 
Eusyllis assinilis 
Exogone lourei 
Sphaerosyllis brarxlhorsti 
Syllis heterochaeta 
Odontosyllis phosphorea 
Nereis sp. Juv 
Nereis procera 
Nereis nailesi 
Platyriereis bicanaliculata 
Nephtys sp. Indet. 
Nephtys caeca 
Nephtys comuta franciscanun 
Nephtys ferruginea 
Sphaerodoropsis sphaerulifer 
Glycera sp. Indet. 
Glycera capitata 
Glycera anericana 
Goniadidae sp. Juv 
Glycinde picta 
Glycinde amigera 

T22-1-A 

0 
0 
2 
8 
0 
32 
5 
0 
7 
0 
0 
8 
1 

46 
0 
1 
1 
0 
0 
0 

10 
1 
40 
11 
17 
0 
0 
7 
0 
20 
4 
0 
2 
12 
0 
0 
8 
2 
2 
0 
6 

T22-1-B 

0 
0 
0 
12 
0 
19 
6 
0 
0 
0 
2 
6 
0 
32 
0 
0 
1 
0 
0 
0 
0 
1 
25 
0 
35 
0 
1 
4 
0 
11 
0 
0 
4 
7 
0 
0 
7 
1 
0 
0 
3 

T22-1-C 

0 
0 
2 
0 
0 
13 
4 
0 
9 
0 
0 
2 
5 
17 
0 
0 
0 
0 
1 
0 
6 
1 
66 
5 
10 
0 
0 
1 
0 
14 
1 
0 
0 
2 
0 
0 
8 
0 
0 
0 
2 

T22-1-0 

0 
0 
0 
0 
0 
10 
4 
1 
0 
0 
0 
1 
5 
16 
0 
0 
0 
1 
0 
0 
6 
0 
28 
2 
5 
0 
0 
5 
1 
1 
0 
0 
0 
2 
0 
0 
14 
0 
0 
0 
3 

T22-1-E 

0 
0 
2 
11 
0 
9 
11 
2 
6 
0 
1 
8 
6 
16 
0 
0 
0 
0 
2 
0 
1 
0 
58 
1 
3 
1 
0 
7 
0 
6 
0 
1 
0 
3 
0 
0 
IS 
0 
0 
1 
2 

T22-1-T0T 

0 
0 
6 
31 
0 
83 
30 
3 
22 
0 
3 
25 
17 
127 
0 
1 
2 
1 
3 
0 
23 
3 

217 
19 
70 
1 
1 

24 
1 

52 
5 
1 
6 
26 
0 
0 
52 
3 
2 
1 
16 

T22-2-A 

0 
0 
4 
1 
0 
4 
0 
0 
0 
0 
0 
0 
0 
13 
0 
1 
0 
0 
0 
0 
0 
0 
19 
0 
4 
0 
0 
0 
6 
0 
3 
1 
0 
0 
1 
0 
11 
0 
0 
0 
2 

T22-2-B 

0 
0 
4 
0 
0 
3 
0 
0 
0 
0 
0 
2 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
23 
0 
3 
0 
0 
0 
3 
0 
0 
0 
4 
0 
0 
0 
12 
0 
0 
0 
1 

T22-2-C 

0 
0 
4 
0 
0 
3 
0 
0 
0 
0 
0 
3 
0 
15 
0 
4 
2 
2 
0 
0 
1 
0 
33 
0 
9 
1 
0 
0 
13 
0 
0 
0 
2 
1 
0 
0 
10 
1 
0 
0 
0 

T22-2-D 

0 
0 
4 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
7 
0 
1 
1 
0 
0 
0 
0 
0 
11 
0 
4 
0 
3 
0 
4 
0 
4 
0 
1 
0 
0 
0 
5 
0 
0 
0 
1 

T22-2-E 

0 

0 
4 
0 
0 
5 
0 
0 
0 
0 
0 
1 
3 
17 
0 
3 
1 
1 
0 
0 
0 
0 
14 
0 
IS 
0 
0 
0 
7 
0 
3 
0 
4 
0 
0 
0 
12 
0 
0 
0 
1 

1 
T22-2-TDT 1 

0 1 

0 1 
20 
2 
0 1 
16 1 
0 1 

0 1 
0 1 
0 1 

0 1 

6 1 
3 1 

58 1 

0 1 

9 1 

4 1 

3 1 

0 1 

0 1 
1 1 
0 1 

100 1 
0 1 
35 1 

1 1 
3 1 

0 1 

33 1 
0 1 
10 1 

1 1 
11 1 

1 1 
1 1 

0 1 
50 1 

1 1 
0 1 

0 1 
5 1 

GRAND 

TOTAL 

2 
1 
68 
43 
2 

389 
44 
23 
22 
2 
3 
31 
23 
272 
6 
11 
7 
16 
4 
7 
51 
242 
359 
24 
115 
174 
10 
31 
39 
7S 
18 
17 
52 
347 
1 
2 

283 
4 
2 
3 
45 

• I 



ASARCO STATIONS - RAW BIOLOGICAL DATA 
TAXON NAME 

Goniada brunnea 
Onuphidae sp. Juv 
Onuphis sp. Juv. 
Onuphis iridescens 
Onuphis elegans 
Diopatra ornata 
Lunbrineris sp. Indet. 
Lunbrineris cruzensis 
Lunbrineris californiensiB 
Notocirrus califomiensis 
Dorvilleidae sp. Indet. 
Dorvillea pseudorubrovittata 
Dorvillea japonica 
Protodorvillea gracilis 
Dorvillea rudolphi 
Dorvillea caeca 
Laonice pugettensis 
Leitoscoloplos pugettensis 
Naineris uncinata 
Scoloplos acneceps 
Paraonidae sp. Indet. 
Aricidea nr. A. suecica 
Levensenia gracilis 
Spionidae sp. Indet. 
Laonice cirrata 
Polydora sp. Indet. 
Polydora socialis 
Polydora pygidialis 
Polydora brachycephala 
Polydora cardalia 
Prionospio steenstrupi 
Prionospio lighti 
Spio sp. Indet. 
Spio filicornis 
Spio butleri 
Boccardia pugettensis 
Spiophanes boobyx 
Spiophanes berkeleyorun 
Pygospio elegans 
Paraprionospio pinnata 
Nagelona longicornis 

T2-5-A T2-5-B T2-5-C T2-5-D T2-5-E T2-5-T0T T3-5-A T3-5-B T3-5-C T3-5-D T3-5-E T3-5-T0T 

0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
8 
0 
0 
3 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 

1 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
3 
0 
1 
6 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
6 
2 
0 
0 
3 
0 
6 
0 
0 
1 
0 

0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
8 
8 
8 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
2 
0 
0 
0 
8 

, 8 
8 
8 
0 
19 
0 
0 
0 
0 
0 

0 
1 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
15 
0 
1 
15 
2 
4 
0 
3 
0 
8 
0 
0 
1 
0 

0 
0 
0 
0 
5 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
.0 
0 
3 

0 
0 
0 
0 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.0 
0 
0 

3 
0 
0 
0 
0 
17 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
8 
0 
8 
8 
8 
8 
8 

2 
8 
8 
8 
0 
13 
3 
0 
0 
0 
0 

0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
22 
3 
0 
0 
0 

0 
0 
2 
0 
2 
0 

0 
0 
0 
12 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

3 
1 
0 
1 
17 
1 
0 
0 
I 
0 
0 
0 

0 
0 
0 
57 
3 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 
0 
0 
0 
0 

0 
0 
0 

7 
2 
0 
1 

39 
5 
0 
0 
1 
0 
0 
2 
0 
5 
3 



ASARCO STATIONS - RAU BIOLOGICAL DATA 
TAXON NAME 

Goniada brunnea 
Onuphidae sp. Juv 
Onuphis sp. Juv. 
Onuphis iridescens 
Onuphis elegans 
Diopatra ornata 
Lunbrineris sp. Indet. 
Lunbrineris cruzensis 
Lunbrineris califomiensis 
Notocirrus califomiensis 
Dorvilleidae sp. Indet. 
Dorvillea pseudorubrovittata 
Dorvillea japonica 
Protodorvillea gracilis 
Dorvillea rudolphi 
Dorvillea caeca 
Laonice pugettensis 
Leitoscoloplos pugettensis 
Naineris uncinata 
Scoloplos acneceps 
Paraonidae sp. Indet. 
Aricidea nr. A. suecica 
Levensenia gracilis 
Spionidae sp. Indet. 
Laonice cirrata 
Polydora sp. Indet. 
Polydora socialis 
Polydora pygidialis 
Polydora brachycephala 
Polydora cardalia 
Prionospio steenstrupi 
Prioriospio lighti 
Spio sp. Indet. 
Spio filicornis 
Spio butleri 
Boccardia pugettensis 
Spiophanes bonbyx 
Spiophanes berkeleyorun 
Pygospio elegans 
Paraprionospio pinnata 
Nagelona longicornis 

T4-2-A 

0 
0 
0 

0 
0 
2 
6 
0 
0 
0 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 
1 
2 
0 
0 
0 
1 
8 
0 

120 
0 
9 
2 
0 
0 
0 
0 
0 
2 
0 
0 
0 

T4-2-B 

0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
3 
0 
0 
0 
1 
1 
1 
0 
0 
8 
0 
0 
34 
2 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 

T4-2-C 

0 
0 
0 
0 
0 
5 
2 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
16 
0 
1 
15 
4 
12 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T4-2-D 

0 
0 
0 
0 
0 
1 
3 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
6 
0 
0 

131 
4 
2 
0 
0 
1 
0 
0 
1 
0 
0 
0 

T4-2-E 

1 
0 
0 
0 
0 
1 
2 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
7 
0 
0 
85 
0 
0 
0 
0 
0 
0 
0 
1 
1 

' 0 
0 

T4-2-T0T 

1 
0 
0 
0 
0 
15 
13 
0 
0 
0 
1 
0 
0 
14 
0 
0 
1 
3 
0 
0 
1 
3 
1 
1 
0 
8 
45 
0 

121 
265 
19 
16 
0 
0 
1 
0 
0 
4 
2 
0 
0 

T6-3-A 

1 
0 
0 
0 
2 
11 
8 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
4 
1 
0 
3 
31 
2 
0 
1 
0 
0 
1 
2 
0 
I 
1 

T6-3-B 

1 
0 
0 
0 
2 
4 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
9 
0 
23 
23 
2 
0 
0 
0 
0 
0 
2 
0 
0 
I 

T6-3-C 

2 
0 
0 
0 
1 
5 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
1 
0 
0 
0 
0 
5 
2 
0 
7 
15 
0 
0 
1 
1 
1 
0 
5 
0 
1 
1 

T6-3-D 

1 
0 
0 
0 
2 
13 
11 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 

so 
13 
0 
4 
15 
11 
0 
0 
0 
0 
1 
3 
0 
1 
0 

T6-3-E 

4 
0 
0 
0 
2 
1 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
14 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 

T6-3-T0T 

1 

9 
0 
0 
0 
9 

34 , 
36 
0 
0 

8 
0 
0 
0 
3 
0 
0 
2 
0 
1 
0 
0 
2 
1 
1 
0 
0 
32 
25 
0 
37 
98 
15 • 
0 
2 
1 
1 

2 
12 
0 
4 ! 
4 

1 

; . . , \'-



ASARCO STATIONS - RAU BIOLOGICAL DATA 
TAXON NAME 

Goniada brunnea 
Onuphidae sp. Juv 
Onuphis sp. Juv. 
Onuphis iridescens 
Onuphis elegans 
Diopatra ornata 
Lunbrineris sp. Indet. 
Lunbrineris cruzensis 
Lunbrineris califomiensis 
Notocirrus califomiensis 
Dorvilleidae sp. Indet. 
Dorvillea pseudorubrovittata 
Dorvillea japonica 
Protodorvillea gracilis 
Dorvillea rudolphi 
Dorvillea caeca 
Laonice pugettensis 
Leitoscoloplos pugettensis 
Naineris uncinata 
Scoloplos acneceps 
Paraonidae sp. Indet. 
Aricidea nr. A. suecica 
Levensenia gracilis 
Spionidae sp. Indet. 
Laonice cirrata 
Polydora sp. Indet. 
Polydora socialis 
Polydora pygidialis 
Polydora brachycephala 
Polydora cardalia 
Prionospio steenstrupi 
Prionospio lighti 
Spio sp. Indet. 
Spio filicornis 
Spio butleri 
Boccardia pugettensis 
Spioi^anes bombyx 
Spiophanes berkeleyorun 
Pygospio elegaris 
Paraprionospio pinnata 
Magelona longicornis 

T8-4-A 

0 
0 
0 
0 
1 
5 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
1 
0 
0 
0 
0 
8 
9 
0 
14 
14 
2 
0 
0 
1 
0 
0 
0 
2 
0 
0 

T8-4-B 

0 
0 
0 
0 
1 
7 
11 
1 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
16 
19 
0 
35 
30 
1 
0 
0 
0 
0 
1 
3 
0 
1 
0 

T8-4-C 

0 
0 
0 
0 
2 
IB 
3 
'o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
5 
0 
1 

26 
3 
0 
0 
0 
0 
0 
0 
0 
0 
1 

T8-4-D 

2 
0 
0 
0 
0 
19 
7 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
4 
6 
1 
0 
13 
1 
0 
2 
0 
0 
0 
0 
0 
0 
0 

T8-4-E 

1 
0 
0 
0 
0 
12 
8 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
22 
6 
0 
3 
10 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

TB-4-T0T 

1 

3 
0 
0 
0 
4 
61 
35 
1 
0 
1 
0 
0 
0 
0 
4 
0 
1 
0 
1 
1 
0 
1 
0 
0 
2 
0 
55 
45 
1 

53 
93 
8 
0 
2 
1 
0 
1 
3 
2 
1 
1 

T10-l-fl 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
28 
34 
9 
0 
3 
14 
0 
0 
0 
1 
0 
0 
0 
0 
0 

T10-1-B 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
34 
64 
7 
0 
0 
39 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T10-1-C 

0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
17 
29 
6 
0 
0 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T10-1-D 

0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
17 
45 
19 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 • 

0 
0 

T10-1-E 

0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 
40 
13 
0 
0 
13 
0 
0 
0 
0 
0 
0 
0 
0 
0 

TlO-1-TOT 

0 
0 
0. 
0 
0 
3 
1 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

109 
212 
54 

. 0 
3 
84 
0 
0 
0 
1 1 
0 
0, \ 
0 . 

- 0 

I 

1 



ASARCO STATIONS - RAU BIOLOGICAL OATA 
TAXON N A C 

Goniada brunnea 
Onuphidae sp. Juv 
Onuphis sp. Juv. 
Onuphis iridescens 
Onuphis elegans 
Diopatra omata 
Lunbrineris sp. Indet. 
Lunbrineris cruzensis 
Lunbrineris califomiensis 
Notocirrus califomiensis 
Dorvilleidae sp. Indet. 
Dorvillea pseudorubrovittata 
Dorvillea japonica 
Protodorvillea gracilis 
Dorvillea rudolphi 
Dorvillea caeca 
Laonice pugettensis 
Leitoscoloplos pugettensis 
Naineris uncinata 
Scoloplos acneceps 
Paraonidae sp. Indet. 
Aricidea nr. A. suecica 
Levensenia gracilis 
Spionidae sp. Indet. 
Laonice cirrata 
Polydora sp. Indet. 
Polydora socialis 
Polydora pygidialis 
Polydora brachycephala 
Polydora cardalia 
Prionospio steenstrupi 
Prionospio lighti 
Spio sp. Indet. 
Spio filicornis 
Spio butleri 
Boccardia pugettensis 
Spiophanes bonbyx 
Spiophares berkeleyorun 
Pygospio elegans 
Paraprionospio pinnata 
Magelona longicornis 

T11-7-A T11-7-B T11-7-C T11-7-D T11-7-E TI1-7-T0T T12-1-A T12-1-B T12-1-C T12-1-D T12-1-E T12-1-T0T 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
14 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
8 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
4 
1 
0 

20 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
1 
0 

27 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
17 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
0 
0 
0 
0 
10 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
10 
0 
0 
0 
0 
8 
4 
2 
0 

91 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

20 
4 
3 
0 
0 
33 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
1 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
2 
1 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

35 
1 
2 
I 
0 
28 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
1 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

e 
0 
0 
0 

» 
0 
0 

« 
0 
0 
0 
0 
0 
0 
74 
8 
11 
1 
0 
£8 

0 
0 
0 

'o 
» 
0 
0 

« i 



ASARCO STATIONS - RAU BIOLOGICAL OATA 
TAXON NANE T16-1-A T16-1-B T16-1-C T16-1-D T16-1-E T16-1-T0T Tl£-4-A T1G-4-B T16-4-C Tlfi-4-D Tl£-4-E T16-4-T0T 

Goniada brunnea 1 1 0 0 0 2 0 0 0 2 0 2 
Onuphidae sp. Juv 0 0 0 0 1 1 0 0 0 0 0 0 
Onuphis sp. Juv. 0 0 0 0 8 0 0 0 0 0 
Onuphis iridescens 1 0 0 3 0 4 0 2 0 0 
Onuphis elegans 2 1 0 0 1 4 0 0 0 0 
Diopatra ornata £ 5 5 7 9 3 2 £ 3 1 1 
Lunbrineris sp. Indet. 3 4 1 1 4 13 3 0 0 2 
Lunbrineris cruzensis 0 0 0 0 0 0 0 0 0 0 
Lunbrineris califomiensis 0 0 0 0 0 0 0 0 0 0 
Notocirrus califomiensis 1 0 0 1 0 2 0 0 0 0 
Dorvilleidae sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Dorvillea pseudorubrovittata 0 0 0 0 0 0 0 0 0 0 
Dorvillea japonica 0 0 0 0 0 0 0 0 0 0 
Protodorvillea gracilis 2 0 3 0 0 5 0 0 0 0 
Dorvillea rudolphi 0 0 0 0 0 0 0 0 0 0 
Dorvillea caeca 0 0 0 0 O 0 0 0 0 0 
Laonice pugettensis 2 0 0 0 0 2 0 0 0 1 
Leitoscoloplos pugettensis 1 4 1 1 2 9 0 0 0 2 
Naineris uncinata 0 0 0 0 0 0 0 0 0 0 
Scoloplos acneceps 0 0 0 0 0 0 2 0 0 0 
Paraonidae sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Aricidea nr. A. suecica 0 0 0 , 1 0 1 1 0 O 0 
Levensenia gracilis 0 0 0 0 0 0 0 0 0 0 
Spionidae sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Laonice c i r ra ta 0 0 0 0 0 0 0 0 0 0 
Polydora sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Polydora socialis 21 12 11 40 40 124 1 0 1 3 
Polydora pygidial is £ 0 0 3 0 9 0 0 0 0 
Polydora brachycephala 0 4 5 1 4 14 2 5 0 1 
Polydora cardalia 1 0 0 1 4 £ O 0 0 0 
Prionospio steenstrupi 92 £fi 131 ' S6 80 455 23 21 10 42 
Prionospio l i g h t i 3 1 0 1 1 6 0 0 0 0 
Spio sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Spio filicornis 3 0 5 0 1 9 0 0 0 0 

£fi 
1 
0 
0 
0 
0 
1 
2 
0 

131 
0 
0 
5 
0 
0 
0 
2 
0 

Spio butleri 0 0 0 0 0 0 0 0 0 1 
Boccardia pugettensis 0 0 0 0 0 0 0 00 0 
Spiophanes bonbyx 0 1 0 0 0 1 0 0 0 0 
Spiophanes berkeleyorun 3 2 2 2 3 12 1 0 2 0 
Pygospio elegans O 0 O 0 0 0 0 0 Oi 0 
Paraprionospio pinnata 0 0 1 0 0 1 0 1 0 0 
Magelona longicornis 7 0 2 1 0 10 1 0 0 0 

0 
0 
1 
2 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
1 
0 
2 
0 
6 
0 

30 
0 
0 
0 
0 
0 
0 
2 
0. 
1 
0 

0 
2 
1 

13 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
3 
0 
2 
0 
2 
0 
0 
1 
0 
7 
0 

14 
0 

126 
0 
0 
0 
1 
0 
0 
5 
0 

s 
1 



ASARCO STATIONS - RAU BIOLOGICAL DATA 

TAXON NAME 

Goniada brunnea 
Onuphidae sp. Juv 

Onuphis sp. Juv. 
Onuphis iridescens 

Onuphis elegans 
Diopatra ornata 

Lunbrineris sp. Indet. 
Lunbrireris cruzensis 

Lunbrineris califomiensis 
Notocirrus califomiensis 

Dorvilleidae sp. Indet. 
Dorvillea pseudorubrovittata 
Dorvillea japonica 
Protodorvillea gracilis 

Dorvillea rudolphi 
Dorvillea caeca 

Laonice pugettensis 

Leitoscoloplos pugettensis 

Naineris uncinata 
Scoloplos acneceps 

Paraonidae sp. Indet. 
Aricidea nr. A. suecica 

Levensenia gracilis 
Spionidae sp. Indet. 

Laonice cirrata 

Polydora sp. Indet. 

Polydora socialis 
Polydora pygidialis 

Polydora brachycephala 
Polydora cardalia 
Prionospio steenstrupi 
Prionospio lighti 

Spio sp. Irdet. 
Spio filicornis 

Spio butleri 
Boccardia pugettensis 

SpiophariBS bonbyx 
Spiophanes berkeleyorun 
Pygospio elegans 
Parapriorespio pinnata 

Magelona longicornis 

T22-1-A 

0 
0 
0 
0 
0 
2 
66 
0 
7 
0 
0 
0 
4 
12 
1 
0 
17 
4 
0 
0 
0 
0 
0 
0 
0 
2 
23 
3 
1 
0 

205 
124 
0 
0 
0 
0 
0 
4 
0 
0 
0 

T22-1-B 

0 
0 
0 
0 
0 
3 
3£ 
0 
0 
0 
0 
0 
1 
23 
0 
1 
£ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
5 
0 
0 

246 
72 
0 
0 
0 
0 
0 
2 
0 
1 
0 

T22-1-C 

0 
0 
0 
0 
0 
4 
£7 
0 
5 
0 
0 
0 
2 
41 
0 
0 
11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
9 
0 
0 

112 
43 
0 
0 
0 
0 
0 
1 
0 
2 
0 

T22-1-D 

0 
0 
0 
0 
0 
0 
54 
0 
2 
0 
0 
0 
0 
10 
1 
0 

11 
0 
0 
0 

0 
0 
0 
0 
0 
1 
4 
4 
0 
0 

107 
37 
0 
0 
0 
0 
0 
2 
0 
1 
0 

T22-1-E 

0 
0 
1 
0 
0 
2 
48 
0 
0 
0 
0 

' 0 
0 

a 
0 
0 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
2 
0 
2 

250 
114 
0 
0 
0 
0 
0 
1 
0 
3 
0 

T22-1-T0T 

0 
0 
1 
0 
0 
11 
271 
0 
14 
0 
0 
0 
7 
94 
2 
1 
55 
4 
0 
0 
0 
0 
0 
0 
0 
3 
47 
23 
1 
2 

920 
390 
0 
0 
0 
0 
0 
10 
0 
7 
0 

T22-2-A 

0 
0 
0 
2 
0 
9 
31 
0 
2 
0 
1 
0 
2 
8 
0 
0 
5 
0 
0 
0 
0 
1 
1 
0 
0 
1 
15 
0 
2 
0 

134 
47 
0 
0 
0 
0 
0 
2 
0 
1 
0 

T22-2-B 

0 
0 
0 
0 
0 
8 
29 
0 
0 
0 
1 
0 
1 
4 
0 
2 
£ 
0 
0 
0 
0 
1 
0 
1 
0 
3 
11 
1 
0 
0 

139 
44 
0 
0 
0 
0 
0 
2 
0 
1 
0 

T22-2-C 

0 
0 
0 
0 
0 
2 
35 
0 
1 
0 
0 
0 
4 
2 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
4 
7 
1 
18 
0 
77 
115 
0 
0 
0 
0 
0 
12 
0 
2 
0 

T22-2-D 

0 
0 
0 
0 
0 
2 
32 
0 
0 
0 
0 
0 
0 
5 
0 
0 
2 
0 
0 
0 
0 
0 
0 
1 
2 
1 
28 
1 
0 
0 
52 
19 
0 
0 
0 
0 
0 
3 
0 
0 
0 

T22-2-E 

0 
0 
0 
0 
0 
2 
3£ 
0 

a 
0 
0 
0 
14 
1 
1 
1 
3 
0 
0 
0 
0 
0 
0 
1 
0 
5 
2 
3 
11 
0 

142 
121 
0 
0 
0 
0 
0 
10 
0 
1 
0 

1 
T22-2-T0T 1 

0 1 

0 1 
0 1 

2 1 
0 1 

23 1 
1£3 1 

0 1 
11 1 

0 1 

2 1 

0 1 
21 1 
20 1 

1 1 
3 1 

17 1 

0 1 
0 1 

0 1 
0 1 

2 1 

2 1 

3 1 

2 1 

14 1 
£3 1 

£ 1 
31 1 
0 1 

544 1 
346 t 
0 1 

0 1 
0 1 

0 1 
0 1 
29 1 
0 1 
5 1 

0 1 

GRAND 

TOTAL 

2£ 
1 
1 

a 
IB 

278 
545 
1 
25 
3 
3 
3 
28 
13£ 
10 
4 
81 
21 
2 
3 
1 
22 
4 
5 
5 
25 
572 
349 
245 
366 
2403 

940 
4 
13 
B 
2 
12 
77 
4 
26 
19 



ASARCO STATIONS - RAU BIOLOGICAL DATA 
TAXON NBME T2-5-A T2-5-B T2-5-C T2-5-D T2-5-E T2-5-T0T 

0 
0 
3 
0 
0 
2 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
1 
0 
0 
2 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
3 
0 
0 
7 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 

. 0 

0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 
0 
1 
8 
8 
0 
0 
0 
2 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Trochochaeta nultisetosa 
Chaetopteridae sp. Indet. 
Spiochaetopterus costerun 
Mesochaetopterus taylori 
Cirratulidae sp. Indet. 
Cirratulus cirratus 
Cirratulus spectabilis 
Caulleriella sp. Indet. 
Caulleriella hanata 
Tharyx sp. Indet. 
Tharyx aultifilis 
Chaetozone sp. I 
Chaetozone sp. Indet. 
Chaetozone setosa 
Brada villosa 
Pherusa plunosa 
Opheliidae sp. Indet. 
Ophelina acuninata 
Ophelina breviata 
Amandia brevis 
Capitella capitata conplex 
Heterooastus sp. Indet. 
Notonastus tenuis 
Notonastus lineatus 
Nedionastus sp. Indet. 
Medionastus califomiensis 
Decanastus gracilis 
BarantoUa anericana 
Maldanidae sp. Indet. 
Euclyiiininae sp. Indet. 
Asychis s in i l is 
Maldane glebifex 
Niconache personata 
Notoproctus pacificus 
Praxillella affinis pacifica 
Rhodine bitorquata 
Euclytnene ?zonalis 
Clynenura colulnbiana 
OHenia fusifomis 0 0 0 .0 
Nyriochele heeri 0 0 0 0 
Galathowenia oculata 0 1 0 0 

IT 

0 
0 
£ 
0 
0 
9 
0 
0 
3 
0 
4 
0 
1 
0 
0 
0 
0 
0 
8 
0 
0 
0 
2 
0 
3 
2 
1 
2 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
1 

T3-5-A 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T3-5-B 

0 
0 
0 
0 .' 

/ 0 ' 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

T3-5-C 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2£ 
0 
3 
8 
8 
8 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

T3-5-D 

0 
0 

11 
0 
1 
4 
0 
0 
1 
0 
3 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

10 
0 
7 
0 
0 
0 
0 

e 
0 
0 
0 
0 
0 
2 

-0 
,0 
2 
0 
1 

T3-5-E 

0 
0 
2 
0 
0 
4 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
1 
0 
1 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 

T3-5-T0T 

0 
0 

13 
0 
1 
8 
0 
0 
2 
0 
4 
0 
1 
0 
0 
0 
0 
0 
1 
2 
0 
0 

41 
0 

15 
0 
0 
0 
4 

.0 
0 
1 
0 
0 
0 
3 
0 

, 0 
2 
0 
4 



ASARCO STATIONS - RAU BIOLOGICAL DATA 

TAXON NANE 

i 

Trochochaeta nultisetosa 
Chaetopteridae sp. Indet. 
Spiochaetopterus costerun 

Mesochaetopterus taylori 
Cirratulidae sp. Indet. 

Cirratulus cirratus 
Cirratulus spectabilis 

Caulleriella sp. Indet. 
Caulleriella hanata 

Tharyx sp. Indet. 
Tharyx nultifilis 

Chaetozone sp. 1 
Chaetozone sp. Indet. 

Chaetozone setosa 

Brada villosa 

Pherusa plunosa 
Opheliidae sp. Iridet. 

Ophelina acuninata 
Ophelina breviata 
Amandia brevis 
Capitella capitata conplex 

Heteronastus sp. Indet. 
Notonastus tenuis 

Notonastus lineatus 
Mediomastus sp. Indet. 

Medionast'us califomiensis 

Decanastus gracilis 

! BarantoUa anericana 
Maldanidae sp. Indet. 
Euclynininae sp. Indet. 
Asychis sinilis 

Maldane glebifex 
Niconache personata 

Notoproctus pacificus 
Praxillella affinis pacifica 

Rhodine bitorquata 
Euclynene ?zonalis 
Clynenura colulnbiana 
Owenia fusifomis 

Myriochele heeri 
Galathowenia cculata 

I . 

T4-2-A 

0 
0 
7 
0 
2 
0 
0 
0 
1 
1 
0 
0 
0 
1 
0 
5 
11 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
5 
0 
0 

T4-2-B 

0 
0 
11 
0 
0 
3 
0 
0 
3 
8 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
5 
0 
0 

T4-2-C 

0 
0 
13 
0 
0 
£ 
0 
0 
0 
£ 
10 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
£ 
0 
0 
0 
3 
0 ' 
0 
0 
2 
0 
0 
0 
0 
0 
7 
0 
0 

T4-2-D 

0 
2 
14 
0 
0 
2 
0 
0 
1 
0 
2 
0 
0 
1 
0 
1 
3 
0 
0 
0 
0 
0 
1 
0 
3 
0 
0 
0 
£ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
14 
0 
1 

T4-2-E 

0 
0 
11 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
1 
0 
5 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
14 
0 
1 

T4-2-T0T 

0 
2 
5£ 
0 
2 
12 
0 
0 
5 
1£ 
12 
0 
0 
2 
0 
9 
23 
0 
1 
0 
1 
0 
2 
1 
1£ 
0 
0 
0 
14 
0 
0 
0 
4 
0 
0 
0 
0 
0 
45 
0 
2 

T£-3-A 

0 
0 
5 
1 
0 
0 
0 
0 
1 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
2 
0 
0 
2 
0 
0 
0 
1 
0 
0 
4 
0 
0 

T£-3-B 

0 
0 
1£ 
3 
3 
2 
0 
0 
3 
0 
3 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
4 
0 
0 
2 
0 
0 
1 
0 
0 
0 
1 
0 
0 
1 
0 
0 

Tfi-3-C 

0 
1 
8 
1 
0 
9 
0 
0 
1 
0 
5 
0 
0 
1 
0 
0 
0 
0 
0 
2 
0 
1 
3 
0 
0 
3 
0 
0 
1 
1 
0 
2 
0 
0 
0 
0 
0 
0 
1 
0 
4 

T8-3-D 

0 
0 
IS 
1 
1 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
3 
0 
0 
1 
0 
0 
7 
0 
0 
0 
0 
0 
1 
7 
0 
1 

T£-3-£ 

0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

0 
3 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
I 
0 
0 

T£-3-T0T 

0 
1 i 

45 î  
£ 
4 
11 

1 

0 i 
0 i; 
£ • ! 

0 ! 

10 
0 
0 
4 
0 
0 

0 
0 1 
0 r 
4 ' 

0 
1 1 

7 • i 
0 1 

0 
15 
0 

^ ' li 
£ 1 
1 1' 
0 
12 
0 
0 
0 
2 ; r 

• 3 

1 ' 
14 : 1' 

« i i 
5 : : 



ASARCO STATIONS - RAU BIOLOGICAL DATA 
TAXON m i T8-4-A T8-4-B T8-4-C T8-4-D TB-4-E T8-4-T0T T10-1-A TlO-l-B T10-1-C T10-1-D T10-1-E T10-1^TOT 

Trochochaeta nultisetosa 
Chaetopteridae sp. Indet. 
Spiochaetopterus costerun 
Mesochaetopterus taylori 
Cirratulidae sp. Indet. 
Cirratulus cirratus 
Cirratulus spectabilis 
Caulleriella sp. Indet. 
Caulleriella hanata 
Tharyx sp. Indet. 
Tharyx nultifilis 
Chaetozone sp. 1 
Chaetozone sp. Indet. 
Chaetozone setosa 
Brada villosa 
Pherusa plunosa 
Opheliidae sp. Indet. 
Ophelina acuninata 
Ophelina breviata 
Amandia brevis 
Capitella capitata conplex 
Heteronastus sp. Indet. 
Notonastus tenuis 
Notonastus lineatus 
Nedionastus sp. Indet. 
Medionastus califomiensis 
Decanastus gracilis 
BarantoUa anericana 
Maldanidae sp. Indet. 
Euclynininae sp. Indet. 
Asychis sinilis 
Maldane glebifex 
Niconache personata 
Notoproctus pacificus 
Praxillella affinis pacifica 
Rhodine bitorquata 
Euclynene ?zonaIis 
Clynenura colulnbiana 
Owenia fusifomis 
Nyriochele heeri 
Galathowenia oculata 

0 
0 

57 

0 
0 
4 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
0 
0 
1 
2 
0 
0 

33 
0 
0 
0 

. 0 
' 1 
2 
0 
0 

0 
2 

£4 

0 
3 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
3 
0 
0 
0 
0 
0 
0 
0 
8 
9 
0 
0 
0 
0 
0 
0 
0 

0 
0 

18 
0 
3 
9 
0 
0 
2 
0 
3 
3 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 

0 
0 

13 
3 
4 
2 
0 
0 
0 
0 
3 
2 
0 
0 
0 
0 
0 
0 
£ 
1 
0 
0 
2 
1 
2 
0 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 
0 
0 
0 ' 
0 
1 

0 
0 

4£ 
2 
0 
8 
0 
0 
0 
0 
2 
3 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
2 
0 
0 

0 
2 

198 
5 

10 
23 
0 
0 
2 
0 
17 
8 
0 
0 
1 
0 
0 
0 
10 
1 
0 
0 
fi 
1 
£ 
2 
0 
0 
1 
4 
0 
0 

42 
10 
0 
0 
0 
1 
£ 
0 
2 

0 
0 
a 
0 
0 

102 
1 
0 
0 
0 
0 
17 
0 
0 
0 
0 
0 
0 
0 

4£ 
34 
0 
0 
0 
0 
11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
£ 
0 
0 

83 
0 
0 
0 
0 
0 
13 
0 
0 
0 
0 
0 
0 
0 

29 
31 
0 
0 
0 
0 
11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
8 

18 
8 
8 

18£ 
8 
8 
0 
0 
4 
£ 
0 
0 
0 
0 
0 
0 
0 

39 
34 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
4 
0 
0 

83 
1 
0 
0 
0 
0 
£ 
0 
0 
0 
0 
0 
0 
0 

50 
31 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
2 
0 
0 

82 
0 
0 
0 
0 
0 
10 
0 
0 
0 
0 
0 
0 
0 

32 
24 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

30 
0 
0 

4S£ 
2 
0 
0 
0 
4 

52 
0 
0 
0 
0 
0 
0 
0 

1% 
154 
0 
0 
0 
0 

28 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



flSARCO STATIONS ̂  m PIPLO^ICflt PflTR 
fflXPNfWE T11-7-A T11-7-B T11-7-C T11-7-D T11-7-E T11-7-T0T T12-1-A T12-1-B T12-1-C TI2-1-D T12-1-E T12-1-T0T 

Trochochaeta nultisetosa O O O O O O O O O O O O 
Chaetopteridae sp. Indet. 0 0 0 O O 0 0 0 0 0 0 0 
Spiochaetopterus costerun 1 8 0 2 0 9 3 0 0 0 0 3 
Mesochaetopterus taylori 0 0 0 1 0 1 0 0 0 0 0 0 
Cirratulidae sp. Indet. 0 0 0 0 0 0 0 0 0 0 0 0 
Cirratulus cirratus 0 0 0 0 0 0 8 52 37 9 1 107 
Cirratulus spectabilis O O O O O O O O O O O O 
Caulleriella sp. Indet. O O O O O O O O O O O O 
Caulleriella hanata 0 1 0 0 0 1 2 0 0 0 0 2 
Tharyx sp. Indet. 0 4 0 0 0 4 0 0 0 0 0 0 
Tharyx nu l t i f i l i s 2 2 0 0 0 4 2 2 
Chaetozone sp. 1 1 0 1 1 0 3 0 0 
Chaetozone sp. Indet. 0 0 0 0 0 0 0 0 
Chaetozone setosa 0 0 0 0 0 0 3 0 
Brada v i l l osa 0 0 0 0 0 0 0 0 
Pherusa plunosa 0 0 0 0 0 0 0 0 
Opheliidae sp. Indet. - 0 0 0 0 0 0 0 0 
Ophelina acuninata O O O O O O O O 
Ophelina breviata 0 0 0 1 0 1 0 0 
Amandia brevis 0 0 0 0 0 0 15 1 
Capitel la capitata conplex 0 0 0 0 0 0 118B 13 
Heteronastus sp. Irxlet. O O O O O O O O 
Notonastus tenuis 1 0 0 0 0 1 0 0 
Notonastus l ineatus O O O O O O O O 
Medionastus sp. Indet. 0 0 0 1 0 1 0 0 
Medionastus ca l i f om iens is O 0 0 0 0 0 0 0 
Decanastus gracilis 0 0 0 0 0 0 0 0 
BarantoUa anericana 0 0 0 0 0 0 0 1 
Maldanidae sp. Indet. 0 0 1 0 0 1 0 0 
Euclynininae sp. Iridet. 0 1 0 0 1 2 0 0 
Asychis s in i l is 0 0 0 0 0 0 0 0 
Maldane glebifex 0 0 0 0 0 0 0 0 
Niconache personata 0 0 1 0 0 1 0 0 
Notoproctus pacif icus 0 0 0 0 8 0 0 0 
P r a x i l l e l l a a f f i n i s paci f ica 0 0 . 0 0 O 0 0 0 
Rhodine bitorquata 0 0 0 0 0 0 O 0 
Euclynene ?zorialis 0 0 0 0 0 0 0 0 
Clynenura colulnbiana 0 0 0 1 0 1 0 0 
Owenia fusifomis 0 0 0 0 0 0 0 0 
Myriochele heeri 0 0 0 0 0 0 0 0 
Galathowenia oculata 0 0 0 O O 0 0 0 

4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
1 
0 
0 
0 
0 
0 

32 
2133 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

2£ 
1178 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8 
0 
0 
4 
0 
0 
0 
0 
0 

74 
4514 

0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



ASARCO STATIONS - RAU BIOLOGICAL DATA 
TAXON NAME 

Trochochaeta nultisetosa 
Chaetopteridae sp. Indet. 
Spiochaetopterus costerun 
Mesochaetopterus taylori 

Cirratulidae sp. Indet. 
Cirratulus cirratus 
Cirratulus spectabilis 
Caulleriella sp. Indet. 

Caulleriella hanata 
Tharyx sp. Indet. 

Tharyx nultifilis 
Chaetozone sp. 1 
Chaetozone sp. Indet. 

Chaetozone setosa 

Brada villosa 
Pherusa plunosa 
Opheliidae sp. Indet. 

Ophelina acuninata 
Ophelina breviata 
Amandia brevis 
Capitella capitata conplex 

Heteronastus sp. Indet. 
Notonastus tenuis 
Notonastus lineatus 

Medionastus sp. Indet. 

Nedionastus califomiensis 
Decanastus gracilis 

BarantoUa anericana 

Maldanidae sp. Indet. 

Euclynininae sp. Indet. 
Asychis sinilis 

Maldane glebifex 

Niconache personata 
Notoproctus pacificus 

Praxillella affinis pacifica 
Rhodine bitorquata 
Euclynene ?zonali5 
Clynenura colulnbiana 

Owenia fusifomis 

Myriochele heeri 

Galathowenia oculata ' 

Tl£-l-fl 

0 
0 
11 
7 
0 
0 
0 
1 
0 

• 3 

13 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
42 
3 
1£ 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Tlfi-I-B 

0 
0 
2 
2 
0 
0 
0 
0 
0 
0 
5 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
5 
3 
5 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
2 
1 
0 
0 

Tl£-1-C 

0 
0 

£ 
4 
0 
0 
0 
0 
2 
0 
14 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
7 
4 
11 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
3 
0 
1 
0 
0 
0 

Tl£-1-D 

0 
0 
4 
0 
0 
12 
0 
0 
0 
0 
£ 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
9 
2 
£ 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 

Tl£-l-£ Tlfi-1 

0 
0 
11 
3 
0 
4 
0 
0 
0 
0 
10 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
20 
2 
11 
2 
0 
0 
1 
0 
0 

' 0 ' • 

0 
0 
0 
0 
0 
2 -
0 
0 
0 

-TOT 

0 
0 
34 
1£ 
0 
1£ 
0 
1 
2 
3 
48 
0 
0 
9 
0 
0 
1 
0 
0 
0 
0 
0 
83 
14 
49 
3 
0 
0 
11 
0 
0 
0 
0 
0 
0 
4 
0 
5 
3 
0 
0 

Tl£-4-A 

0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
4 
1 
1 
0 
0 
0 
1 
0 
0 

'' 0 
0 
0 
0 
0 
0 
0 
0 
1 
0 ' 

Tlfi-4-B 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 
1 
4 
0 

T16-4-C 

0 
0 
1 
0 
0 
0 
0 
0 
0 
8 
1 
8 
8 
0 
0 
0 
1 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 

i 
0 

Tl£-4-D 

0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 

Tlfi-4-E 

0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
2 
2 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
2 
0 

1 
Tl£-4-T0T i 

i 
• 

0 i 

« i 
4 • I 

0 
0 
0 
0 ' i 
1 ; 
1 ' 
0 
fl 
« 
0 
2 ! 

» ; 
0 i 

4 1 
2 

« . i 
0 
0 i 
0 
19 

1 '• 

3 
0 -i 
0 . 1 
0 / 
2 
0 

, , 0, . ; 
' 0 ' ! 
0 
0 ; , 
1 
4 
0 i 
2 ! • 

> i 1 
9 1 • 

1 i 



ASARCO STATIONS - RAU BIOLOGICAL DATA 

TAXON NAME 

Trochochaeta nultisetosa 
Chaetopteridae sp. Iridet. 
Spiochaetopterus costerun 
Mesochaetopterus taylori 
Cirratulidae sp. Indet. 
Cirratulus cirratus 
Cirratulus spectabilis 
Caulleriella sp. Indet. 
Caulleriella hanata 
Tharyx sp. Iridet. 
Tharyx nultifilis 
Chaetozore sp. 1 
Chaetozone sp. Indet. 
Chaetozone setosa 
Brada villosa 
Pherusa plunosa 
Opheliidae sp. Indet. 
Ophelina acuninata 
Ophelina breviata 
Amandia brevis 
Capitella capitata conplex 
Heteronastus sp. Indet. 
Notonastus tenuis 
Notbuastus lineatus 
Medionastus sp. Indet. 
Nedionastus califomiensis 
Decanastus gracilis 
BarantoUa anericana 
Maldanidae sp. Indet. 
Euclynininae sp. Indet. 
Asychis sinilis 
Maldarie glebifex 
Niconache personata 
Notoproctus pacificus 
Praxillella affinis pacifica 
Rhodine bitorquata 
Euclynene ?zorialis 
Clynenura colulnbiana 
Owenia fusifomis 
Myriochele heeri 
Galathowenia oculata 

T22-1-A 

0 
0 
54 
0 
0 
£ 
0 
0 
12 
0 
S 
18 
0 
1 
0 
1 
0 
1 
0 

120 
1 
0 
12 
0 
0 
32 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-1-B 

0 
0 
40 
1 
0 
4 
0 
0 
3 
0 
7 
3 
0 
0 
0 
0 
0 
0 
0 

123 
1 
0 
11 
0 
0 
13 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-1-C 

0 
0 
23 
0 
3 
5 
0 
0 
10 
0 
9 
7 
0 
0 
0 
1 
0 
0 
0 
7£ 
3 
0 
11 
0 
0 
57 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-1-D 

0 
0 
37 
1 
0 
12 
0 
0 
£ 
0 
5 
8 
0 
0 
0 
1 
0 
0 
0 
80 
0 
0 
8 
0 
0 
30 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-1-E 

0 
0 
37 
0 
0 
4 
0 
0 
13 
0 

a 
17 
0 
0 
0 
0 
0 
0 
0 

19£ 
0 
0 
14 
0 
0 
£4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-1-T0T 

0 
0 

191 
2 
3 
31 
0 
0 
44 
0 
34 
53 
0 
1 
0 
3 
0 
1 
0 

595 
5 
0 
56 
0 
0 

196 
0 
2 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-A 

0 
0 
11 
0 
0 
a 
0 
0 
4 
0 
31 
£ 
0 
0 
0 
1 

a 
0 
0 
4 
0 
0 
11 
0 
0 
30 
0 
0 
2 
0 
0 
0 
20 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-B 

1 
0 
7 
0 
0 
8 
0 
0 
5 
0 
37 
0 
0 
0 
0 
0 
1 
0 

' 0 
7 
0 
0 
1 
0 
0 
22 
0 
2 
2 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-C 

0 
0 
0 
1 
0 
8 
0 
0 
8 
0 
18 
0 
0 
0 
0 
0 
14 
0 
0 
7 
2 
0 
10 
0 
0 
44 
0 
4 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-D 

0 
0 
9 
0 
0 
a 
0 
0 
0 
0 
14 
5 
0 
0 
0 
0 

^ 2 
0 
0 
2 
1 
0 
0 
0 
0 
14 
0 
0 
1 
0 
1 
0 
a 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-E 

0 
0 
8 
1 
0 
5 
0 
0 
4 
0 
11 
3 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
4 
0 
0 
35 
0 
0 
2 
0 
0 
1 
5 
0 
0 
0 
2 
0 
0 
0 
0 

T22-2-T0T 

1 
0 
35 
2 
0 
37 
0 
0 
21 
0 

111 
14 
0 
0 
0 
1 
25 
0 
0 
21 
3 
0 
2£ 
0 
0 

145 
0 
£ 
7 
0 
1 
1 
35 
0 
0 
0 
2 
0 
0 
0 
0 

1 GRAND 

1 TOTAL 

1 1 
1 S 
1 624 

1 32 
1 20 
1 710 
1 2 

1 2 
1 89 
1 23 
1 264 
1 130 
1 2 
1 22 

1 1 
1 13 

1 53 
1 3 
1 21 
1 893 

1 4677 

1 
243 
17 
93 
392 
1 
12 
47 
7 
1 
17 
62 
10 
1 
13 
5 
10 
71 
9 
IS 



ASARCO STATIONS - RAU BIOLOGICAL DATA 
TAXON m e . T2-5-A T2-5-B T2-5-C T2-5-D T2-5-E T2-5-T0T T3-5-A T3-5-B T3-5-C T3-5-0 T3-5-E T3-5-T0T 

Idanthyrsus ornanentatus 
Sabellaria cenentariun 
Pectinaria sp. Juv 
Pectinaria califomiensis 
Anpharetidae sp. Indet. 
Anage anops 
Anpharete acutifrons 
Anpharete finnarchica 
Anphicteis glabra 
Helinna elisabethae 
?Sabellides sp. 
Anobothrus gracilis 
Asabellides lineata 
Schistoconus hiltoni 
Terebellidae sp. A 
Terebellidae sp. Indet. 
Nicolea zostericola 
Pista sp. Indet. 
Pista cristata 
Pista elongata 
Pista brevibranchiata 
Pista noorei 
Polycirrus sp. conplex 
Thelepus sp. Indet. 
Thelepus setosa 
Lanassa venusta venusta 
Laphania boecki 
Proclea graffii 
Scionella Japonica 
Sdonella estevanica 
Streblosoaa bairdi 
Tembellides stroeni 
Sabellidae sp. Indet. 

0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
1 
2 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
8 
8 
8 
8 
8 
8 
2 
8 
8 
8 
8 
8 
0 
0 
0 
0 
0 

1 
0 
0 
3 
0 
1 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
£ 
0 
0 
1 
2 
0 
0 
0 
0 
0 
1 

0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

" 0 
0 
2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
2 

8 
0 
0 
1 
0 
1 
0 
1 
0 
0 
4 
0 
0 
0 
2 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 

0 
0 
0 
0 
1 
2 
0 
0 
0 
0 
0 
0 
3 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 

0 
0 
0 
3 
1 
3 
0 
1 
0 
0 
4 
0 
3 
0 
4 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

14 



ASARCO STATIONS - RAU BIOLOGICAL DATA 
TAXON NAME T4-2-A T4-2-B T4-2-C T4-2-D T4-2-E T4-2-T0T T£-3-A T£-3-B T£-3-C T£-3-D T£-3-E T£-3-T0T 

Idanthyrsus ornanentatus 
Sabellaria cenentariun 
Pectinaria sp. Juv 

Pectinaria californiensis 
Anpharetidae sp. Indet. 
Anage anops 
Anpharete acutifrons 
Anpharete finnarchica 
Anphicteis glabra 
Helinna elisabethae 
?Sabellides sp. 

Anobothrus gracilis 
Asabellides lineata 
Schistoconus hiltoni 
Terebellidae sp. A 
Terebellidae sp. Indet. 
Nicolea zost'ericola 
Pista sp. Indet. 
Pista cristata 
Pista elongata 
Pista brevibranchiata 
Pista noorei 
Polycirrus sp. conplex 
Thelepus sp. Iridet. 
Thelepus setosa 
Lanassa venusta venusta 
Laphania boecki 
Proclea graffii 
Sciorella japonica 
Scionella estevanica 
Streblosoaa bairdi 
Terebellides stroeni 
Sabellidae sp. Indet. 

1 
2 
0 
0 
1 

0 
7 
0 
0 
3 
0 
0 

0 
0 
0 
2 
0 
2 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
£ 

0 
0 
0 
1 
1 
0 

11 
5 
0 
1 
3 
0 
0 
0 
3 

0 
2 
0 
15 
0 
0 
0 
0 
11 
1 
4 
3 
1 
0 
0 
4 
£ 

15 

0 
3 
0 
0 
0 
1 
3 
0 
0 
1 

1 
0 
0 
0 
0 
3 
0 
0 
3 

0 
2 
0 
0 
i 
0 
0 
1 
0 
£ 
0 
2 
0 
0 
0 
9 
0 
0 
4 
0 
2 
0 
0 
0 
2 
1 
0 

5 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

0 
10 

19 
0 
8 

0 
9 
2 
0 
5 
0 
£ 
0 
0 
0 
£ 
7 
0 
0 
8 



ASARCO STATIONS - RAU BIOLOGICAL DATA 
TAXON NAME T8-4-A T8-4-B T8-4-C T8-4-D Ta-4-E TB-4-T0T TlO-l-fl T10-1-B T10-1-C T10-1-D TlO-l-E T10-1-TOT 

Idanthyrsus ornanentatus 
Sabellaria cenentariun 
Pectinaria sp. Juv 
Pectinaria californiensis 
Anpharetidae sp. Indet. 
Anage anops 
Anpharete acutifrons 
Anpharete finnarchica 
Anphicteis glabra 
Nelinna elisabethae 
?Sabellides sp. 
Anobothrus gracilis 
Asabellides lineata 
Schistoconus hiltoni 
Terebellidae sp. A 
Terebellidae sp. Indet. 
Nicolea zostericola 
Pista sp. Indet. 
Pista cristata 
Pista elongata 
Pista brevibranchiata 
Pista Boorei 
Polycirrus sp. conplex 
Thelepus sp. Indet. 
Thelepus setosa 
Lanassa venusta venusta 
Laphania boecki 
Proclea graffii 
Scionella japonica 
Scionella estevanica 
Streblosona bairdi 
Terebellides stroeni 
Sabellidae sp. Indet. 

0 
1 
0 
2 
0 
0 
3 
0 
0 
0 
0 
1 
0 
0 
0 
2 
0 
0 
0 
0 
i 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

0 
1 
0 
3 
2 
0 
1 
0 
0 
0 
0 
3 
1 
1 
0 
fi 
0 
8 
8 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
2 
0 
0 
0 
0 
1 
0 
0 
5 
0 
1 
1 
1 
0 
0 
1 
0 
1 
0 
3 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
1 
0 
1 
3 
0 
0 
0 

' 0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 

0 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
£ 
0 
2 
0 
0 
1 
I 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 

0 
2 
0 
9 
2 
2 
8 
0 

IS 

0 
0 
0 
0 
0 
2 
5 

0 
0 
5 
£ 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

0 
0 
7 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
8 
8 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 

0 
0 
1 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

19 
7 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 



ASARCO STATIONS - RAU BIOLOGICAL DATA 
TAXON NAME 

Idanthyrsus ornanentatus 

Sabellaria cenentariun 
Pectinaria sp. Juv 

Pectinaria californiensis 
Anpharetidae sp. Indet. 

Anage anops 
Anpharete acutifrons 

Anpharete finnarchica 
Anphicteis glabra 

Meiinna elisabethae 
?Sabellides sp. 

Anobothrus gracilis 
Asabellides lineata 

Schistoconus hiltoni 
Terebellidae sp. A 

Terebellidae sp. Indet. 
Nicolea zostericola 

Pista sp. Indet. 
Pista cristata 

Pista elongata 
Pista bmvibrarchiata 

Pista noorei 
Polycirrus sp. conplex 
Thelepus sp. Iridet. 
Thelepus setosa 

Lanassa venusta venusta 
Laphania boecki 

Proclea graffii 
Scionella japonica 
Scionella estevanica 
Streblosona bairdi 

Terebellides stroeni 
Sabellidae sp. Indet. 

T11-7-A 

0 
0 
0 
1 
0 
1 
3 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

T11-7-B 

0 
1 
0 
0 
0 
1 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
0 
4 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

T11-7-C 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T11-7-D 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
9 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

T11-7-E 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

TI1-7-T0T 

0 
1 
0 
1 
0 
2 
£ 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
2 
2 
0 
21 
0 
0 
0 
0 
0 
1 
2 
0 
0 
1 

T12-1-A 

0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T12-1-B 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T12-l-€ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

T12-1-D 

0 
0 
1 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T12-1-E 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T12-1-T0T 

0 
0 
1 
£ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 



ASARCO STATIONS - RAU BIOLOGICAL DATA 
TAXON NAME 

Idanthyrsus ornanentatus 
Sabellaria cenentariun 
Pectinaria sp. Juv 
Pectiriaria califomiensis 
Anpharetidae sp. Indet. 
Anage anops 
Anpharete acutifrons 
Anpharete finnarchica 
Anphicteis glabra 
Meiinna elisabethae 
?Sabellide5 sp. 
Anobothrus gracilis 
Asabellides lineata 
Schistoconus hiltoni 
Terebellidae sp. A 
Terebellidae sp. Indet. 
Nicolea zostericola 
Pista sp. Indet. 
Pista cristata 
Pista elongata 
Pista brevibranchiata 
Pista noorei 
Polycirrus sp. conplex 
Thelepus sp. Indet. 
Thelepus setosa 
Lanassa venusta venusta 
Laphania boecki 
Proclea graffii 
Scionella japonica 
Scionella estevanica 
Streblosona bairdi 
Terebellides stroemi 
Sabellidae sp. Indet. 

Tl£-1-A 

0 
0 
0 
3 
0 
0 
0 
0 
1 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
1 
0 
0 
I 

Tl£-1-B 

0 
0 
0 
7 
0 
0 
0 
0 
0 
1 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
2 

T16-1-C 

0 
0 
0 
4 
0 
1 
0 
0 
1 
1 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 

Tl£-1-D 

0 
0 
0 
1 
0 
0 
0 
0 
2 
0 
0 
5 
0 
8 
8 
8 
8 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
2 
0 
0 
2 

TI6-1-E T16-1 

0 
1 
0 
2 
0 
0 
0 
0 
5 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 

-TOT 

0 
1 
0 

17 
0 
1 
0 
0 
9 
3 
0 

1£ 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
5 
0 
0 
0 
0 
1 
0 
7 

.0, 
0 
£ 

T16-4-A 

0 
0 
0 
2 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 

,:.. ,0 
0 
0 

Tl£-4-B 

0 
0 
0 
5 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
3 
0 
0 
0 
0 
1 
0 
0 
0 
0 
2 

Tl£-4-C 

0 
0 
0 
3 
0 
0 
0 
0 
2 
0 
0 
0 
8 
8 
8 
8 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 

Tl£-4-D 

0 
0 
0 
2 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

Tl£-4-E 

0 
0 
0 
2 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 

, 0 
0 
3 

Tlfi-4-TOT i 

0 
0 
0 

14 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 

0 
0 
0 
0 
1 
0 
1 
0 
£ 
0 
0 
0 
0 
4 
0 
1 

0 
0 

10 



ASARCO STATIONS - RAU BIOLOGICAL DATA 

TAXON NAME 

Idanthyrsus ornanentatus 
Sabellaria cenentariun 

Pectinaria sp. Juv 
Pectinaria californiensis 

Ampharetidae sp. Indet. 
Auage ariops 
Anphamte acutifrons 

Anpharete firiuarchica 

Anphicteis glabra 
Nelinna elisabethae 

?Sabellides sp. 
Ariobothrus gracilis 
Asabellides lineata 
Schistoconus hiltoni 

Terebellidae sp. A 

Terebellidae sp. Iridet. 
Nicolea zostericola 

Pista sp. Indet. 
Pista cristata 

Pista elongata 

Pista brevibranchiata 
Pista noorei 

Polycirrus sp. conplex 

Thelepus sp. Indet. 

Thelepus setosa 
Lanassa venusta venusta 

Laphania boecki 
Proclea graffii 

Scionella japonica 
Sciorella estevanica 

Streblosona bairdi 
Terebellides stroeni 

Sabellidae sp. Indet. 

T22-1-A 

1 
1 
3 
4 
1 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 

0 
1 
0 
0 
0 
0 
0 
0 
0 

T22-I-B 

0 
1 
5 
2 
1 
0 
0 
0 
1 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-1-C 

0 
0 
2 
5 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-I-D 

0 
0 
4 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 

T22-1-E 

2 
0 
7 
6 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

T22-1-T0T 

3 
2 
21 
20 
2 
1 
0 
0 
2 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
16 
0 
0 
2 
0 
0 
1 
1 
0 
0 
0 

T22-2-A 

4 
0 
0 
18 
4 
4 
0 
0 
3 
0 
0 
1 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-B 

2 
1 
12 
27 
2 
2 
0 
0 
2 
0 
0 
2 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

T22-2-C 

5 
0 
14 
17 
3 
0 
0 
0 
2 
0 
0 
2 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

T22-2-D 

1 
0 
1 

a 
1 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

T22-2-E 

2 
0 
2 
11 
0 
0 
0 
0 
5 
1 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

T22-2-T0T 

14 
1 
29 
Bl 
10 
6 
0 
0 
15 
1 
0 
8 
0 
1 
0 
6 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
1 
2 
0 
0 
1 

GRAND 

TOTAL 

28 
15 
71 
158 
24 
17 
18 
2 
49 
4 
1 

70 
1 
19 
1 

45 
1 
1 
4 
11 
25 
1 
73 

3 
7 
4 
2 
9 
20 
20 
1 
2 
62 



ASARCO RAU BIOLOGICAL OATA 
TAXON NAIC T2-5-A T2-5-D T2-5-C T2-5-D T2-5-E T2-5-T0T T3-5-A T3-5-B T3-5-C T3-S-D T3-5-E T3-5-T0T 

Hegalouna splendida 

Potanilla occelata 
Sabella media 

Jasninaria pacifica 
Serpulidae sp. Indet. 
Oligochaeta sp. Indet. 
Hirudinea sp. Indet. 

Piscicolidae sp. Iridet. 
Margarites sp. Indet. 

Bittiun sp. Indet. 
Balcis sp. Indet. 

Trichotropis cancellata 
Crepipatella lingulata 

Velutina velutina 
Ocenebra sp. Indet. 

Alia gausapata 
Nassarius nendicus 

Olivella baetica 
Kurtzia arteaga 

Odostonia (Odostomia) sp. Indet. 
Turbonilla sp. Indet. 

Odostonia (Chrysallida) sp. Indet. 
Cephalaspidea sp. Indet. 

Cylichnella sp. Indet. 
Aglaja sp. Indet. 

Gastropteron pacificum 
Nudibranchia sp. Indet. 

Doridacea sp. Indet. 
Doto sp. Indet. 

Aeolidacea sp. Indet. 

Ischnochitonidae sp. Indet. 

Bivalvia sp. Indet. 

Acila castrensis 
Nucula tenuis 

Nuculana ninuta 

Nuculana fossa 
Glycymeris subobsoleta 

Mytilidae sp. Indet. 
Itegacrenella colunbiana 

Musculus cf. olivaceus 

0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
8 
2 
0 
0 
0 
0 
0 
0 
0 
0 
21 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
5 
0 
0 
0 
0 
2 
0 
2 
0 
0 
0 
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ASARCO RAU BIOLOGICAL DATA 
TAXON NAME 

Negalouna splendida 

Potanilla occelata 
Sabella uedia 

Jasninaria pacifica 
Serpulidae sp. Indet. 

Oligwhaeta sp. Indet. 
Hirudinea sp. Indet. 

Piscicolidae sp. Iridet. 
Margarites sp. Indet. 

Bittiun sp. Indet. 
Balcis sp. Indet. 

Trichotropis cancellata 
Crepipatella lingulata 

Velutina velutina 
Ocenebra sp. Indet. 

Alia gausapata 
Nassarius nendicus 

Olivella baetica 
Kurtzia arteaga 

Odostonia (Odostonia) sp. Indet. 
Turbonilla sp. Indet. 

Odostonia (Chrysallida) sp. Indet. 
Cephalaspidea sp. Indet. 

Cylichnella sp. Indet. 
Aglaja sp. Irdet. 
Gastropteron pacificun 

Nudibranchia sp. Indet. 
Doridacea sp. Indet. 

Doto sp. Indet. 
Aeolidacea sp. Indet. 
Ischnochitonidae sp. Indet. 

Bivalvia sp. Indet. 
Acila castrensis 

Nucula tenuis 
Nuculana minuta 
Nuculana fossa 

Glycyneris subobsoleta 
Mytilidae sp. Indet. 
Megacrenella colunbiana 
Musculus cf. olivaceus 
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ASARCO RAU BIOLOGICAL DATA 
TAXON NANE T8-4-A T8-4-B T8-4-C T8-4-D T8-4-E T8-4-T0T TlO-l-A TlO-l-B T10-1-C TlO-l-D TlO-l-E T10-1-TOT 

Megalonna splendida 
Potanilla occelata 
Sabella media 
Jasninaria pacifica 
Serpulidae sp. Iridet. 
Oligochaeta sp. Indet. 
Hirudinea sp. Indet. 
Piscicolidae sp. Indet. 
Margarites sp. Indet. 
Bittiun sp. Indet. 
Balcis sp. Indet. 
Trichotropis cancellata 
Crepipatella lingulata 
Velutina velutina 
Ocenebra sp. Indet. 
Alia gausapata 
Nassarius nendicus 
Olivella baetica 
Kurtzia arteaga 

Odostonia (Odostonia) sp. Indet. 
Turbonilla sp. Indet. 
Odostomia (Chrysallida) sp, Indet. 
Cephalaspidea sp. Indet. 
Cylichnella sp. Indet. 
Aglaja sp. Iridet. 
Gastropteron pacificun 
Nudibranchia sp. Indet. 
Doridacea sp. Indet. 
Doto sp. Iridet. 
Aeolidacea sp. Indet. 
Ischnochitonidae sp. Indet. 
Bivalvia sp. Indet. 
Acila castrensis 
Nucula tenuis 
Nuculana minuta 
Nuculana fossa 
Glycyneris subobsoleta 
Mytilidae sp. Indet. 
Megacrenella colunbiana 
Musculus cf. olivaceus 
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ASARCO RAU BIOLOGICAL DATA 
TAXON NAte T11-7-A T11-7-B T11-7-C T11-7-D T11-7-E T11-7-T0T T12-1-A T12-1-B T12-1-C T12-1-D T12-1-E T12-1-T0T 

Megalonna splendida 
Potanilla occelata 

Sabella media 
Jasminaria pacifica 

Serpulidae sp. Indet. 

Oligochaeta sp. Indet. 
Hirudinea sp. Indet. 
Piscicolidae sp. Indet. 

Margarites sp. Indet. 

Bittiun sp. Indet. 
Balcis sp. Indet. 
Trichotropis cancellata 

Crepipatella lingulata 

Velutina velutina 
Ocenebra sp. Indet. 

Alia gausapata 
Nassarius nendicus 

Olivella baetica 
Kurtzia arteaga 
Odostonia (Odostonia) sp. Irdet. 
Turbonilla sp. Indet. 
Odostonia (Chrysallida) sp. Indet. 

Cephalaspidea sp. Indet. 
Cylichnella sp. Indet. 

Aglaja sp. Indet, 
Gastropteron pacificun 

Nudibranchia sp. Indet. 
Doridacea sp. Indet. 
Doto sp. Indet. 
Aeolidacea sp. Indet. 
Ischnochitonidae sp. Indet. 
Bivalvia sp. Indet. 

Acila castrensis 
Nucula tenuis 
Nuculana ninuta 
Nuculana fossa 
Glycyneris subc.bsoleta 
Mytilidae sp. Indet. 
Megacrenella colunbiana 
Musculus cf. olivaceus 
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ASARCO RAU BIOLOGICAL DATA 
TAXON NAME 

Megalonna splendida 

Potanilla occelata 
Sabella uedia 

Jasninaria pacifica 
Serpulidae sp. Indet. 
Oligochaeta sp. Indet. 
Hirudinea sp. Indet. 
Piscicolidae sp. Indet. 

Margarites sp. Indet. 
Bittiun sp. Indet. 
Balcis sp. Indet. 
Trichotropis cancellata 
Crepipatella lingulata 
Velutina velutina 

Ocenebra sp. Indet. 
Alia gausapata 

Nassarius nendicus 

Olivella baetica 

Kurtzia arteaga 

Odostonia (Odostonia) sp. Indet. 

Turbonilla sp. Indet. 

Odostonia (Chrysallida) sp. Indet. 
Cephalaspidea sp. Indet. 

Cylichnella sp. Indet. 

Aglaja sp. Indet. 

Gastropteron pacificun 
Nudibranchia sp. Indet. 

Doridacea sp. Iridet. 
Doto sp. Indet. 

Aeolidacea sp. Indet. 

Ischnochitonidae sp. Indet. 
Bivalvia sp. Indet. 

Acila castrensis 
Nucula tenuis 

Nuculana ninuta 
Nuculana fossa 
Glycyneris subobsoleta 

Mytilidae sp. Indet. 

Megacrenella colunbiana 

Musculus cf. olivaceus 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
1 
0 
0 
0 

T16-4-B 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
2 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
4 

" '0 

0 
0 
1 

i 
1 
0 
0 

Tl£-4-C 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

,, 0 
' 0 

0 
0 
2 
0 
0 
0 
0 

Tl£-4-D 

8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

' 0 
0 
0 
4 
1 
0 
0 
0 

Tl£-4-E 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 

T16-4-T0T 

1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
1 
2 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
4 
0 
0 
0 
12 
4 

i 
0 
0 



ASARCO RAU BIOLOGICAL DATA 
TAXON NAME 

Megalonna spleridida 

Potanilla occelata 
Sabella nedia 

Jasninaria pacifica 
Serpulidae sp. Iridet. 
Oligochaeta sp. Indet. 
Hirudinea sp. Iridet, 
Piscicolidae sp, Indet. 

Margarites sp. Indet. 
Bittiun sp. Indet. 

Balcis sp. Indet. 

Trichotropis cancellata 
Crepipatella lingulata 
Velutina velutina 

Ocenebra sp. Indet. 
Alia gausapata 
Nassarius nendicus 

Olivella baetica 

Kurtzia arteaga 

Odostonia (Odostonia) sp. Indet. 

Turbonilla sp. Indet. 
Odostonia (Chrysallida) sp. Indet. 
Cephalaspidea sp. Indet. 

Cylichnella sp. Indet. 
Aglaja sp. Indet. 
Gastropteron pacificun 
Nudibranchia sp. Indet. 
Doridacea sp. Indet. 
Dc'to sp. Indet. 

Aeolidacea sp. Indet. 
Ischriochitonidae sp. Indet. 

Bivalvia sp. Iridet. 
Acila castransis 
Nucula tenuis 
Nucularia ninuta 

Nuculana fossa 
Glycyneris subobsoleta 
Mytilidae sp. Indet. 
Megacrenella colunbiana 
Musculus cf. olivaceus 

T22-1-A 

0 
0 
0 
0 
0 
17 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
4 
0 
0 
0 
0 
3 
0 
0 
0 

T22-1-B 

0 
0 
0 
0 
0 
18 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
2 
0 
0 
0 
0 
3 
0 
0 
0 

T22-1-C 

0 
1 
2 
0 
0 
48 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 

a 
0 
1 
0 
0 
0 
0 
1 
0 
1 
1 

T22-1-D 

0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
12 
0 
3 
0 
0 
0 
0 
0 
0 
1 
0 

T22-1-E 

0 
0 
0 
0 
0 
20 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
£ 
0 
4 
0 
0 
0 
0 
3 
0 
0 
0 

T22-1-TQT 

0 
1 
2 
0 
0 

108 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
2 
0 
0 
0 
3 
0 
30 
0 
14 
0 
0 
0 
0 
10 

. 0 
2 
1 

T22-2-A 

0 
0 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

T22-2-B 

0 
0 
1 
0 
0 
8 
0 
0 
1 
0 
0 
0 
0 
£ 
0 
1£ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-C 

0 
0 
0 
0 
0 
12 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-D 

0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
1 
9 
0 
13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 

T22-2-E 

0 
0 
0 
0 
0 
4 
0 
0 
4 
1 
0 
0 
0 
4 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-TDT 

0 
0 . 

1 
0 
0 
28 
0 
0 
£ 
1 
0 
0 
1 

31 
0 
37 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
1 
1 

1 GRAND 

1 TOTAL 

1 10 
1 7 

1 £4 
1 15 

1 1 
1 183 
1 1 
i 19 

1 33 
1 38 

1 29 

1 21 

I 75 
1 33 

1 15 
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1 40 

1 42 

1 2 

1 2£ 

1 3 
1 £9 

1 £5 
1 S 

1 27 
1 14 

I 3 
1 5 

1 5 
1 40 

1 7 
1 87 
1 £ 
1 3 

1 9 

1 51 
1 17 
1 28 
1 22 
1 12 



ASARCO RAU BIOLOGICAL DATA 
TAXON NANE 

Modiolus rectus 
Chlanys sp. Indet. 
Delectopecten sp. Indet. 
Pododesmus nacrochisna 
Lucinona acutilineata 
Adontorhina cyclia 
Axinopsida serricata 
Mysella tunida 
Parvilucina tenuisculpta 
Astarte alaskensis 
Clinocardiun sp. Indet. 
Serripes groenlandicus 
Nenocardiun centifilosun 
Solen sicarius 
Hacona sp. Indet. 
Hacoaa elinata 
Hacona obliqua 
Macoma cf. moesta alaskana 
Hacona yoldifonis 
Macona carlottensis 
Tellina nuculoides 
Senele rubropincta 
Compsomyax subdiaphana 
Psephidia lordi 
Mya arenaria 
Hiatella arctica 
Bankia setacea 
Pandora filosa 
Lyonsia arenosa 
Cardiouya califomica 
Arachnida sp. Indet. 
Halacaridae sp. Indet. 
Pycrtogonida sp, Indet. 
Crustacea sp. Indet. 
Ostracoda sp. Indet. 
Cylindroleberidinae sp. Indet. 
Rutidema lonae 
Euphilonedes carcharodonta 
Euphilomedes producta 
Calanoida sp. Indet. 

T2-5-A T2-5-B T2-5-C T2-5-D 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 . 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

T2-5-E T2-5-T0T 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T3-S-A 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 

. 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 

T3-5-B 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T3-5-C 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
1 
1 
0 
0 

T3-5-D 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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3 
0 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
1 
0 
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0 
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0 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T3-5-T0T 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 

10 
0 
0 
0 
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2 
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3 
0 
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3 
1 
8 
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ASARCO RAU BIOLOGICAL DATA 

TAXON NAME 

Modiolus rectus 

Chlanys sp. Indet. 
Delectopecten sp. Indet. 

Pododesmus nacrochisna 
Lucinona acutilineata 

Adontorhina cyclia 
Axinopsida serricata 

Nysella tunida 
Parvilucina tenuisculpta 

Astarte alaskensis 
Clinocardiun sp. Indet. 

Serripes groenlaridicus 
Nenocardiun centifilosun 
Solen sicarius 
Macona sp. Indet. 

Hacoaa elinata 

Macona obliqua 

Hacoaa cf. noesta alaskana 

Hacona yoldifonis 
Macona carlottensis 
Tellina nuculoides 

Semele rubropincta 
Conpsonyax subdiaphana 

Psephidia lordi 

Mya arenaria 

Hiatella arctica 

Bankia setacea 

Pandora filosa 
Lyonsia arenosa 

Cardionya califomica . 
Arachnida sp. Indet. 

Halacaridae sp. Indet. 
Pycnogonida sp. Indet. 

Crustacea sp. Indet. 
Ostracoda sp. Indet. 

Cylindroleberidinae sp. Indet. 
Rutidema lonae 

Euphilomedes carcharodonta 
Euphilonedes producta 
Calanoida sp. Indet. 

T4-2-A 

59 
2 
8 
8 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
3 
0 
0 
2 
0 
0 
0 
0 
10 
0 
0 
0 
0 
0.. 
0 
0 
0 
0 
0 
a 
0 
1 
0 

T4-2-B 

93 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 

T4-2-C 

88 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
18 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 

T4-2-D 

80 
2 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
I 
2 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
3 
0 
0 
0 

T4-2-E 

74 
1 
0 
0 
0 
0 
1 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 

T4-2-T0T 

394 
£ 
0 
0 
0 
0 
3 
0 
2 
0 
2 
0 
0 
1 
1 
0 
0 
5 
1 
£ 
2 
0 
0 
1 
1 
28 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
25 
0 
1 
0 

T£-3-A 

0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
4 
1 
0 
0 
0 
0 
£ 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T£-3-B 

0 
0 
£ 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 

a 
2 
0 
0 
1 
15 
12 
1£ 
4 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 

T£-3-€ 

0 
0 
12 
0 
0 
0 
8 
8 
0 
0 
0 
0 
1 
0 
0 
0 
0 • 

0 • 

0 
0 
5 ' 
21 
0 
0 
0 
1 
0 
12 
7 
2 
0 
0 
22 
0 
0 
0 
0 
0 
0 
0 

T£-3-D 

1 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
1 
9 
13 
1 
0 
0 
1 
3 
19 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T£-3-E 

0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
0 
0 
0 
0 
0 
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0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
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0 

1 

T£-3-T0T 

1 
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0 
0 
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ASARCO RAU BIOLOGICAL DATA 
TAXON NAME Ta-4-A Ta-4-B T8-4-C T8-4-D TB-4-E T8-4-T0T T10-1-A TlO-l-B TlO-l-C TlO-l-D TlO-l-E T10-1-TOT 

Modiolus rectus 
Chlanys sp. Indet. 
Delectopecten sp. Indet. 

Pododesnus nacrochisna 
Lucinona acutilineata 

Adontorhina cyclia 
Axinopsida serricata 

Mysella tunida 

Parvilucina tenuisculpta 

Astarte alaskensis 
Clinocardiun sp. Indet. 

Serripes groenlandicus 

Nenocardiun centifilosun 
Solen sicarius 
Macona sp. Indet. 

Macona elinata 
Macona obliqua 

Macona cf. noesta alaskana 
Macona yoldifonis 

Macona carlottensis 
Tellina nuculoides 

Senele rubropincta 
Conpsonyax subdiaphana 

Psephidia lordi 

Mya arenaria 

Hiatella arctica 
Bankia setacea 

Pandora filosa 
Lyonsia arenosa 

Cardionya califomica 

Arachnida sp. Indet. 

Halacaridae sp. Indet. 
Pycnogonida sp. Iridet. 

Crustacea sp. Indet. 
Ostracoda sp. Indet. 

Cylindroleberidinae sp. Indet. 
Rutiderma lomae 

Euphilonedes carcharodonta 
Euphilonedes producta 

Calanoida sp. Indet. 

3 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
4 
0 
0 
I 
2 
0 
0 
0 
0 
0 
0 
0 
4 
1 
0 
0 
2 
0 
1 
0 
0 
0 
0 
0 
0 

12 
0 
0 

4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
2 
0 
0 
3 
0 
0 
0 
8 
0 
1 
4 
0 
0 
a 
0 
0 
0 
1 
0 
0 
0 
0 

19 
0 
0 

3 
0 
2 
0 
0 
0 
0 
0 
2 
0 
0 
2 
9 
0 
0 
0 
0 
5 
1 
0 
0 
0 
0 
0 
3 
2 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

£2 
8 
0 

3 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
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2 
0 
0 
8 
0 
0 
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0 
0 
0 
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1£ 
0 
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1 
0 
0 
0 
0 
0 
0 
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0 
0 
11 
0 
0 
3 
3 
0 
2 
7 
0 
0 
0 
0 
7 
3 
0 
0 
15 
0 
3 
1 
2 
0 
0 
0 
1 

34: 
0' 
0 
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1 
2 
0 
0 
0 
3 
0 
3 
0 
0 
2 
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0 
0 
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5 
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0 
0 
0 
0 
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12 
0 
0 
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0 
4 
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0 . 
0 
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2 
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0 
0 
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0 
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0 
0 
0 
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0 
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1 
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0 
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0 
0 
0 
0 
0 
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0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
8 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
2 
0 
0 
0 
0 
0 
7 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
3 
1 
0 
0 
4 
0 
0 
0 
0 
0 

19 
1 
4 
0 
0 
0 
1 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 , 

i 
i 
1 



ASARCO RAU BiaOGICAL DATA 

TAXON NAME 

Modiolus rectus 
Chlanys sp. Indet. 
Delectopecten sp. Indet. 
Pododesnus nacrochisna 
Lucinona acutilineata 
Adontorhina cyclia 
Axinopsida serricata 
Mysella tunida 
Parvilucina tenuisculpta 
Astarte alaskensis 
Cliriocardiun sp. Indet. 
Serripes groenlandicus 
Nenocardiun centifilosun 
Solen sicarius 
Hacona sp. Indet. 
Hacona elinata 
Hacona obliqua 
Hacona cf. noesta alaskana 
Hacona yoldifonis 
Macona carlottensis 
Tellina nuculoides 
Senele rubropincta 
Conpsonyax subdiaphana 
Psephidia lordi 
Mya arenaria 
Hiatella arctica 
Bankia setacea 
Paridora filosa 
Lyonsia arenosa 
Cardionya califomica 
Arachnida sp. Indet. 
Halacaridae sp. Indet. 
Pycnogonida sp. Indet. 
Crustacea sp. Indet. 
Ostracoda sp. Iridet. 
Cylindroleberidinae sp. Indet. 
Rutidema lonae 
Euphilonedes carcharodonta 
Euphilonedes producta 
Calanoida sp. Indet. 

T11-7-A T11-7-B T11-7-C T11-7-D T11-7-E T11-7-T0T T12-1-A T12-1-B T12-1-C T12-1-D T12-1-E T12-1-T0T 

0 
0 
0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 

0 
0 
0 

3 
0 
0 
1 

0 
0 
0 
0 
0 
0 

0 

0 

0 

0 

0 
0 
0 

0 

0 
0 
0 
0 



ASARCO RAU BIOLOGICAL DATA 
TAXON NAME 

Modiolus rectus 
Chlanys sp. Indet. 
Delectopecten sp. Indet. 
Pododesmus nacrochisna 
Lucinona acutilineata 
Adontorhina cyclia 

Axinopsida serricata 
Mysella tunida 
Parvilucina tenuisculpta 
Astarte alaskensis 
Clinocardiun sp. Indet. 

Serripes groenlandicus 

Nenocardiun centifilosun 

Solen sicarius 
Macona sp. Indet. 

Macona elinata 

Macona obliqua 

Macoma cf. noesta alaskana 
Macona yoldifonis 
Macona carlottensis 

Tellina nuculoides 

Senele rubropincta 

Conpsonyax subdiaphana 
Psephidia lordi 

Hya arenaria 

Hiatella arctica 

Bankia setacea 
Pandora filosa 

Lyonsia arenosa 

Cardionya califomica 

Arachnida sp. Indet. 

Halacaridae sp. Indet. 

Pycnogonida sp. Iridet. 

Crustacea sp. Indet. 
Ostracoda sp. Indet. 

Cylindroleberidinae sp. Indet. 

Rutidema lomae 

Euphilomedes carcharodonta 
Euphilomedes producta 
Calanoida sp. Indet. 

Tl£-l-fl 

0 
0 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
98 
1 
0 

Tl£-1-B 

0 
0 
0 
0 
0 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
8 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
£4 
0 
0 

T16-1-C 

0 
0 
0 
0 
0 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
•0 
0 
0 
0 
0 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
54 
1 
0 

T16-1-D 

0 
0 
0 
0 
0 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
70 
3 
0 

T16-1-E 

0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
1 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
1 
0 
0 
0 
0 

109 
3 
0 

Tlfi-1-TOT 

0 
0 
0 
0 
0 
8 
12 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
30 
0 
0 
0 
0 
1 
0 
0 
0 
0 

395 
8 
0 

T1B-4-A 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 
0 
0 
0 
0 
0 
0 
0 
8 
8 
8 
0 
2 
0 
1 
1 
0 
2 
3 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
7 
0 

T16-4-B 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
2 
5 
0 
0 
0 
1 
5 
1 
3 
1 
0 
0 
3 
0 
0 
0 
0 
0 
0 
1 
0 
0 
4 
0 

Tl£-4-C 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

£ 
0 
1 
0 
0 
0 
2 
0 
0 

; 0 

0 
0 
0 
0 
1 
3 
3 
0 

Tlfi-4-D 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
IS 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12 
0 

T16-4-E 

0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
1 
0 
1 
5 
0 

T16-4-T0T 

0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
42 
0 
0 
0 
0 
0 
2 
5 
0 
0 
0 
I 
15 
1 
5 
2 
0 
2 
12 
0 
0 
0 
0 
0 
0 
2 
1 
4 
31 
0 



ASARCO RAU BIOLOGICAL DATA 

TAXON NAME 

Modiolus rectus 
Chlanys sp. Indet. 
Delectopecten sp. Indet. 
Pododesnus nacrochisna 

Lucinona acutilineata 

Adontorhina cyclia 

Axinopsida serricata 
Mysella tunida 

Parvilucina tenuisculpta 
Astarte alaskensis 

Clinocardiun sp. Indet. 
Serripes groenlandicus 

Nenocardiun centifilosun 
Solen sicarius 

Macona sp. Indet. 
Macona elinata 

Macona obliqua 

Hacona cf. noesta alaskana 

Macona yoldifonis 
Hacona carlottensis 

Tellina nuculoides 
Senele rubropincta 

Conpsonyax subdiaphana 
Psephidia lordi 

Hya arenaria 
Hiatella arctica 

Bankia setacea 
Pandora filosa 

Lyonsia arenosa 
Cardionya califomica 

Arachnida sp. Indet. 
Halacaridae sp. Indet. 

Pycnogonida sp. Indet. 
Crustacea sp. Indet. 

Ostracoda sp. Indet. 
Cylindroleberidinae sp. Iridet. 

Rutidema lomae 
Euphilodiedes carcharodonta 
Euphilonedes producta 
Calarioida sp. Irdet. 

T22-1-A 

0 
0 
0 
0 
2 
0 
0 
5 

£ 
a 
0 
0 
0 
0 
0 
0 
3 
0 
0 
11 
0 
0 
0 
0 
0 
0 
1 
10 
0 
0 
0 
0 
0 
0 
1 
0 
0 

270 
15 
0 

T22-1-B 

0 
0 
0 
0 
0 
0 
0 
10 
4 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
33 
0 
0 
0 
0 
0 
0 
0 
11 
0 
0 
0 
0 
0 
0 
0 
0 
0 

343 
8 
0 

T22-1-C 

0 
0 
0 
0 
0 
0 
0 
3 
3 
£ 
0 
0 
0 
0 
0 
0 
0 
1 
0 
22 
0 
1 
0 
0 
0 
1 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
2 
8£ 
3 
0 

T22-I-D 

0 
0 
0 
1 
2 
0 
0 
5 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12 
0 
0 
0 
1 
0 
0 
0 
£ 
0 
0 
1 
0 
0 
0 
1 
0 
0 
51 
10 
0 

T22-1-E 

0 
0 
0 
0 
1 
0 
0 
5 
4 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 
0 
0 
0 
0 
0 
0 
1 
5 
0 
0 
0 
0 
2 
0 
0 
0 
0 

£7 
12 
0 

T22-1-T0T 

0 
0 
0 
1 
5 
0 
0 
28 
21 
23 
0 
0 
0 
0 
0 
0 
3 
1 
0 
88 
0 
1 
0 
1 
0 
1 
2 
40 
0 
0 
I 
0 
2 
0 
2 
0 
2 

817 
48 
0 

T22-2-A 

22 
0 
0 
0 
£ 
0 
0 
0 
0 
1 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
24 
0 
0 
0 
0 
0 
3 
2 

283 
105 
0 

T22-2-B 

9 
0 
0 
0 

a 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
11 
0 
0 
0 
1 
0 
0 

3 
216 
55 
0 

T22-2-C 

13 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
15 
0 
1 
0 
0 
0 
2 
2 

138 
44 
0 

T22-2-D 

10 
0 
0 
0 
5 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 

140 
44 
0 

T22-2-E 

17 
0 
0 
0 
15 
0 
2 
0 
2 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
1 
0 
0 
0 
0 
0 

140 
£1 
0 

T22-2-T0T 

71 
0 
0 
0 
37 
0 
2 
0 
3 
2 
0 
0 
0 
7 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
1 
0 
0 
0 
0 
54 
0 
2 
0 
1 
0 
7 
8 

917 
309 
0 

GRAND 

TOTAL 

466 
8 
28 
1 

42 
15 
22 
28 
31 
25 
48 

£ 
42 
8 
11 
11 
13 
31 
9 

104 
28 
67 
20 
7 
26 
55 
20 
122 
74 

eo 
5 
11 
32 
1 
2 
9 
42 

2241 
397 
2 



ASARCO RAU BiaOGlCAL DATA 

TAXON mVE T2-5-A T2-5-B T2-5-C T2-S-D T2-S-E T2-5-T0T 

Calanus pacificus 

Paracalanus sp. Indet. 
Aetideidae sp. Indet. 

Harpacticoida sp. Indet. 
Harpacticus unirenis 
Peltidiidae sp. Indet. 
Typhlampiascus sp. Indet. 

Rhynchothalestris helgolandica 
Cirripedia sp. Indet. 

Scalpellun colunbianua 
Balanus sp. Indet. (juvenile) 

Balanus crenatus 
Nebalia pugettensis 

Cunacea sp. Indet. 
Lanpropidae sp. Indet. 

Lanprops quadriplicata 
Eudorella pacifica 

Eudorellopsis longirostris 
Diastylis sp. B 

Diastylis paraspinulosa 
Leptostylis sp. Indet. 

Leptostylis villosa 
Conpylaspis hartae 

Canpylaspis nodulosa 
Cunella sp. Indet. 

Tanaid sp. Indet. 
Zeuxo nornani 

Leptochelia savignyi 
Leptochelia dubia 

Leptognathia gracilis 
Haliophasna geninata 

Linnoria lignorun 

Synidotea sp. Indet. (juvenile) 

Synidotea angulata 

Munna sp. Indet. 

Pleurogoniun rubicundun 
Munnogoniun tillerae 

Anphipoda sp. Indet. 
Gaiaiaridea sp. Indet. 

Ampelisca agassizi 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0' 
0 
0 
0 
20 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
2 
0 
0 
0 
0 

T 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
2 
0 
0 

T3-5-A 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

T3-5-B 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T3-5-C 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

T3-5-D 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 

T3-5-E 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 

T3-5-T0T 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
2 
0 
£ 
0 
0 
0 
0 
0 
0 
0 
0 

37 



ASARCO RAU BIOLOGICAL DATA 

TAXON NAME T4-2-A T4-2-B T4-2-C T4-2-D T4-2-E T4-2-T0T T£-3-A T£-3-B T£-3-C T6-3-D T£-3-E T£-3-T0T 

Calanus pacificus 
Paracalanus sp. Indet. 
Aetideidae sp. Indet. 
Harpacticoida sp. Iridet. 
Harpacticus unirenis 
Peltidiidae sp. Indet. 
Typhlampiascus sp. Indet, 
Rhynchothalestris helgolandica 
Cirripedia sp. Indet, 
Scalpellun colunbianun 
Balanus sp. Irdet. (juvenile) 
Balanus creriatus 
Nebalia pugettensis 
Cumacea sp. Indet. 
Lanpropidae sp. Indet. 
Lanprops quadriplicata 
Eudorella pacifica 
Eudorellopsis longirostris 
Diastylis sp. B 
Diastylis paraspinulosa 
Leptostylis sp. Indet. 
Leptostylis villosa 
(Conpylaspis hartae 
Canpylaspis nodulosa 
Cumella sp. Indet. 
Tanaid sp. Indet. 
Zeuxo nomani 
Leptochelia savignyi 
Leptochelia dubia 
Leptognathia gracilis 
Haliophasna geninata 
Linnoria lignorun 
Synidotea sp. Indet. (juvenile) 
Synidotea angulata 
Hunna sp. Indet. 
Pleurogoniun rubicundun 
Munnogoniun tillerae 
Anphipoda sp. Indet. 
Gannaridea sp. Indet. 
Anpelisca agassizi 

0 
0 
0 
0 
0 
0 

£ 
5 

28 
1 

0 
0 
0 
1 
0 
0 

0 

0 

0 

0. 

0 

0 

0 
0 

IS 

0 
0 
0 
0 
1 
0 
0 
0 
1 
4 

0 
0 
0 

0 
0 

0 
0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
3 
12 

1 
0 
0 
2 
0 
0 

0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
2 
4 
2 
1 
0 
0 
0 

0 
2 

0 
13 

10 
19 
34 
2 
0 
0 
0 
1 

1£ 
0 

0 

0 

0 
4 
£ 
37 

0 
0 
0 
0 
0 
0 
0 
1 

0 
0 

0 
0 

0 

0 
0 
0 
0 
0 
0 
14 

0 
1 
1 
0 
0 

1 

0 
0 

0 
0 
0 
1 
0 
0 
0 

12 

17 
0 
0 
0 
0 
1 
1 
1 
0 
0 

1 
0 

1 
1 

2 
0 
0 
1 

39 



ASARCO RAU BIOLOGICAL DATA 
TAXDN NAME T8-4-A TB-4-B T8-4-C T8-4-D Ta-4-E T8-4-T0T T10-l-fl T10-1-B T10-1-C T10-1-D T10-1-E T10-1-TOT 

Calanus pacificus 

Paracalanus sp. Indet. 
Aetideidae sp. Indet. 

Harpacticoida sp. Indet. 
Harpacticus unirenis 

Peltidiidae sp. Indet. 
Typhlampiascus sp. Indet. 

Rhynchothalestris helgolandica 
Cirripedia sp. Indet. 

Scalpellun colunbianun 
Balanus sp. Indet. (juvenilel 

Balanus crenatus 
Nebalia pugetterisis 

Cunacea sp. Indet. 
Lanpropidae sp. Indet. 

Lanprops quadriplicata 
Eudorella pacifica 

Eudorellopsis longirostris 
Diastylis sp. B 

Diastylis paraspinulosa 
Leptostylis sp. Iridet. 

Leptostylis villosa 
Conpylaspis hartae 

Canpylaspis nodulosa 
Cumella sp. Indet. 
Tanaid sp. Indet. 
Zeuxo nomani 

Leptochelia savignyi 
Leptochelia dubia 

Leptognathia gracilis 
Haliophasna geninata 

Linnoria lignorun 

Synidotea sp. Iridet. (juvenile) 

Synidotea angulata 

Munna sp. Indet. 

Pleurogoniun rubicundum 

Munnogoniun tillerae 

Anphipoda sp. Indet. 

Gannaridea sp. Indet. 

Anpelisca agassizi 

0 
0 
0 
0 
0 
8 
8 
8 
8 
5 
0 
8 
1 
0 
8 
8 
8 
8 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
0 
0 
0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 

£ 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 

£ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0", 
0 
2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
1 
0 
0 
0 

22 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
1 
0 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 

s 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
1 
8 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
0 

e 

0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
39 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
£2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

£ 
4 

0 
8 



ASARCO RAU BIO-OGICAL DATA 

TAXDN NAME 

Calanus pacificus 
Paracalanus sp, Indet, 
Aetideidae sp. Indet. 
Harpacticoida sp. Iridet. 
Harpacticus unirenis 
Peltidiidae sp. Indet. 
Typhlanpiascus sp. Indet. 
Rhynchothalestris helgolandica 
Cirripedia sp. Indet. 
Scalpellun colunbianun 
Balanus sp. Indet. (juvenile) 
Balanus crenatus 
Nebalia pugettensis 
Cunacea sp. Iridet. 
Lanpropidae sp. Indet. 
Lanprops.quadriplicata 
Eudorella pacifica 
Eudorellopsis longirostris 
Diastylis sp. B 
Diastylis paraspinulosa 
Leptostylis sp, Indet. 
Leptostylis villosa 
Conpylaspis hartae 
Canpylaspis nodulosa 
Cumella sp. Indet. 
Tanaid sp. Indet. 
Zeuxo nornani 
Leptochelia savignyi 
Leptochelia dubia 
Leptognathia gracilis 
Haliophasna geninata 
Linnoria lignorun 
Synidotea sp. Indet. (juvenile) 
Synidotea angulata 
Hunna sp. Indet. 
Pleurogoniun rubicundun 
Munnogoniun tillerae 
Anphipoda sp. Indet. 
Gannaridea sp. Indet. 
Anpelisca agassizi 

T11-7-A T11-7-B T11-7-C T11-7-D 

0 
0 

0 
0 
0 

0 
0 
1 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 
0 
0 

0 
0 

0 

1 
0 
0 
0 
0 
0 
0 

-7-E T11-7-TDT 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 

T12-1-A 

0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T12-1-B T12-1-C T12-1-D T12-1-E T12-I-T0T 

0 

0 
I 
0 
0 



ASARCO RAU BIOLOGICAL DATA 

TAXON NAME 

Calanus pacificus 
Paracalanus sp. Indet. 
Aetideidae sp. Iridet. 
Harpacticoida sp. Indet. 

Harpacticus unirenis 

Peltidiidae sp. Indet. 
Typhlanpiascus sp. Indet. 
Rhynchothalestris helgolandica 

Cirripedia sp. Indet. 
Scalpellum colunbianun 

Balanus sp. Iridet. (juvenile) 
Balanus crenatus 

Nebalia pugettensis 

Cumacea sp. Indet. 
Lanpropidae sp. Indet. 
Lamprops quadriplicata 

Eudorella pacifica 
Eudorellopsis longirostris 

Diastylis sp. B 
Diastylis paraspinulosa 

Leptostylis sp. Indet. 

Leptostylis villosa 
Conpylaspis hartae 

Canpylaspis nodulosa 

Cumella sp. Indet. 
Tanaid sp. Indet. 

Zeuxo nomani 

Leptochelia savignyi 

Leptochelia dubia 
Leptognathia gracilis 

Haliophasna geninata 

Linnoria lignorun 

Synidotea sp. Indet. (juvenile) 

Synidotea angulata 

Munna sp. Indet. 

Pleurogonium rubicundum 

Munnogoniun tillerae 
Anphipoda sp. Indet. 

Gaminaridea sp. Indet. 

Atgpelisca agassizi 

T16-1-A 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 

TIfi-l-B 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

Tlfi-l-C 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 

Tl£-1-D 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
,0 
1 
0 

T16-1-E TI6-I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

1-TDT 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
1 
0 
0 
2 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 
0 
1 
0 
0 
0 
£ 
0 
0 
1 
0 

Tlfi-4-A 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

TI£-4-B 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Tl£-4-C 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T16-4-D 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Tlfi-4-E 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Tlfi-4-TOT 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
4 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



ASARCO RAU BIOLOGICAL DATA 
TAXON NANE 

Calanus pacificus 

Paracalanus sp. Iridet, 
Aetideidae sp. Indet. 

Harpacticoida sp. Iridet. 
Harpacticus unirenis 

Peltidiidae sp, Indet. 

Typhlanpiascus sp. Indet. 

Rhynchothalestris helgolandica 
Cirripedia sp. Indet. 

Scalpellun colunbianun 
Balanus sp. Indet. (juvenile) 

Balanus crenatus 
Nebalia pugettensis 
Cunacea sp. Indet. 
Lanpropidae sp. Indet, 
Lanprops quadriplicata 
Eudorella pacifica 

Eudorellopsis longirostris 

Diastylis sp, B 

Diastylis paraspinulosa 

Leptostylis sp. Indet. 

Leptostylis villosa 
Conpylaspis hartae 
Canpylaspis riodulosa 
Cunella sp. Indet. 
Tanaid sp. Iridet. 
Zeuxo nornani 

Leptochelia savignyi 
Leptochelia dubia 
Leptognathia gracilis 
Haliophasna geninata 

Linrioria lignorun 

Synidotea sp. Indet. (juvenile) 
Synidotea angulata 
Munna sp. Indet. 
Pleurogoniun rubicundun 
Hurdnogoniun tillerae 
Anphipoda sp. Indet. 
Gamaridea sp. Iridet. 
Ampelisca agassizi 

T22-1-A 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
14 
£ 
1 
0 
0 
1 

52 
1 
1 
0 
0 
0 
0 
0 
3 
0 
0 
17 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-1-B 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
11 
1 
0 
0 
0 
33 
0 
£ 
0 
0 
0 
0 
0 
2 
0 
0 
23 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 

T22-1-C 

0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
10 
5 
3 
1 
0 
0 
39 
0 
5 
0 
0 
0 
0 
1 
3 
1 
0 
20 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-1-D 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
4 
0 
0 
0 
0 
17 
0 
£ 
0 
0 
0 
0 
0 
1 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-1-E 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
3 
0 
0 
1 
0 
27 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
15 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-1-T0T 

0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
32 
29 
5 
1 
1 
1 

i£a 
1 

21 
0 
0 
0 
0 
1 
9 
1 
0 
84 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-A 

0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
4 
3 
0 
0 
0 
49 
1 
0 
0 
0 
1 
0 
0 
1 
1 
0 
18 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-B 

0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
23 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
IB 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-C 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
2£ 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
2£ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-D 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
19 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
15 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-E 

0 
0 
0 
0 
0 
0 
1 
1 
0 
0 

105 
0 
0 
0 
0 
0 
23 
0 
0 
0 
0 
0 
0 
0 

. 0 
0 
0 
15 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-T0T 

0 
0 
0 
0 
1 
0 
2 
1 
1 
0 

105 
a 
4 
0 
0 
0 

140 
2 
0 
1 
0 
1 
0 
1 
2 
2 
0 
92 
£ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 GRAND 

1 TOTAL 

1 3 
1 1 

1 1 
1 2 

1 2 
1 1 

1 2 
1 1 

1 2 
1 23 

1 1£7 
1 137 

1 17 

1 1 
1 3 
i 1 
1 355 
1 3 
1 23 

1 1 

1 1 
1 3 

1 2 
1 £ 
1 12 
1 3 

1 1 
1 181 

1 8 
1 27 

1 3 

1 4 

1 1 

1 1 
1 2 
1 10 
1 £ 
1 9 
1 10 
1 127 



ASARCO RAU BiaOGICAL DATA 
TAXON NAME 

Anpelisca hancocki 
Anpelisca cf.unsocalae 
Anpelisca lobata 
Byblis valeronis 
Byblis cf. nillsi 
Aoroides sp. Indet. 
Aoroides colunbiae 
Aoroides internedius 
Calliopiidae sp. Indet. 
Calliopius sp. Indet. 
(^rophiun sp. Indet. 
Corophiun ascherusicun 
Dexanonica reduncans 
Rhachotropis oculata 
Helita sp. Indet. (juvenile) 
Helita desdichada 
Isaeidae sp. Indet. 
Photis sp. Indet. 
Photis brevipes 
Photis bifurcata 
Photis lacia 
Protomedeia sp. Indet. 
Protonedeia penates/prudens 
Gaimaropsis thoapsoni 
Cheirinedeia zotea 
Ischyrocerus sp, Indet. 
Microjassa sp. Indet, 
Hippomedon sp. Indet. 
Lysianassa holnesi 
Opisa tridentata 
Orchomene pacifica 
Orchomene decipiens 
Pachynus barnardi 
Melphisana sp. Indet. 
Oedicerotidae sp. Indet. 
Morioculodes sp. Indet. 
Synchelidiun shoemakeri 
Synchelidiuu rectipalnun 
Uestwoodilla caecula 
Pardalisca tenuipes 

T2-5-A 

0 
0 
1 
0 
0 
0 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
3 
1 
8 
8 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T2-5-B 

0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T2-5-C 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 

T2-5-D T2-5-E T2-5-T0T 

0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
8 
8 
8 
8 
8 
8 
8 
2 
8 
8 
8 
8 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 : 
0 
0 

0 
0 
1 
0 
1 
1 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
5 
2 
1 
0 
1 
0 
0 
1 
0 
0 
0 
2 
0 
0 
0 

T3-5-A 

0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
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4 
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0 
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0 
0 
0 
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0 
0 
1 
4 
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0 
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21 
0 
0 

10 
0 
0 
0 
0 
2 

11 
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0 
0 
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0 
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0 
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ASARCO RAU BIOLOGICAL DATA 

TAXON NANE 

Anpelisca hancocki 
Anpelisca cf.unsocalae 
Anpelisca lobata 
Byblis valeronis 
Byblis cf. nillsi 
Aoroides sp. Indet. 
Aoroides colunbiae 
Aoroides internedius 
Calliopiidae sp. Indet. 
Calliopius sp. Indet, 
Corophiun sp. Indet, 
Corophiun ascherusicun 
Dexanonica reduncans 
Rhachotropis oculata 
Helita sp. Indet. (juvenile) 
Helita desdichada 
Isaeidae sp. Indet. 
Photis sp. Indet. 
Photis brevipes 
Photis bifurcata 
Photis lacia 
Protonedeia sp. Indet. 
Protonedeia penates/prudens 
Ganuaropsis thoapsoni 
Cheirinedeia zotea 
Ischyrocerus sp. Indet, 
Hicrojassa sp, Indet, 
Hippomedon sp. Indet. 
Lysianassa holnesi 
Opisa tridentata 
Orchonene pacifica 
Orchonerie decipiens 
Pachynus barnardi 
He1phiSana sp. Indet. 
Oedicerotidae sp. Indet. 
Honoculodes sp. Iridet. 
Synchelidiuu shoemakeri 
Synchelidiuu rectipalnun 
Uestwoodilla caecula 
Pardalisca tenuipes 

T4-2-A 

14 
8 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
2 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 

T4-S-B 

0 
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ASARCO RAU BIOLOGICAL DATA 
TAXDN NANE T8-4-A TB-4-B T8-4-C T8-4-D T8-4-E T8-4-T0T TlO-l-fl T10-1-B T10-1-C TlO-l-D TlO-l-E T10-1-TOT 

Anpelisca hancc<cki 
Ampelisca cf.unsocalae 
Anpelisca lobata 
Byblis valeronis 
Byblis cf. nillsi 
Aoroides sp. Indet. 
Aoroides colunbiae 
Aoroides internedius 
Calliopiidae sp. Indet. 
Calliopius sp. Indet. 
(^rophiun sp. Indet. 
Corophiun ascherusicun 
Dexamonica reduncans 
Rhachotropis oculata 
Melita sp. Indet. (juvenile) 
Melita desdichada 
Isaeidae sp. Indet. 
Photis sp. Indet. 
Photis brevipes 
Photis bifurcata 
Photis lacia 
Protonedeia sp, Indet. 
Protonedeia penates/prudens 
Gannaropsis thompsoni 
Cheirinedeia zotea 
Ischyrocerus sp. Indet. 
Hicrojassa sp. Indet. 
Hipponedon sp. Indet. 
Lysianassa holnesi 
Opisa tridentata 
Orchonene pacifica 
Orchonene decipiens 
Pachynus barnardi 
HeIphiSana sp. Indet. 
Oedicerotidae sp. Indet. 
Honoculodes sp, Indet. 
Synchelidiun shoemakeri 
Synchelidiun rectipalnun 
Uestwoodilla caecula 
Pardalisca tenuipes 
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0 
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ASARCO RAU BIOLOGICAL DATA 
TAXON NAiC 

Anpelisca hancocki 
Anpelisca cf.unsocalae 
Anpelisca lobata 
Byblis valeronis 
Byblis cf, nillsi 
Aoroides sp. Indet. 
Aoroides colunbiae 
Aoroides internedius 
Calliopiidae sp. Indet. 
Calliopius sp. Indet. 
Corophiun sp. Indet. 
Corophium ascherusicun 
Dexanonica reduncans 
Rhachotropis oculata 
Helita sp. Indet. (juvenile) 
Helita desdichada 
Isaeidae sp. Indet. 
Photis sp. Iridet. 
Photis brevipes 
Photis bifurcata 
Photis lacia 
Protonedeia sp. Indet. 
Protonedeia penates/prudens 
Gamaropsis thonpsoni 
Cheirinedeia zotea 
Ischyrocerus sp. Indet. 
Hicrojassa sp. Iridet. 
Hippomedon sp. Iridet. 
Lysianassa holnesi 
Opisa tridentata 
Orchonene pacifica 
Orchonene decipiens 
Pachynus barnardi 
He1phiSana sp. Indet. 
Oedicerotidae sp. Indet. 
Horioculodes sp. Indet. 
Synchelidiun shoenakeri 
Synchelidiuu rectipalnun 
Uestwoodilla caecula 
Pardalisca tenuipes 

T11-7-A T11-7-B T11-7-C T11-7-D T11-7-E T11-7-T0T T12-1-A T12-1-B T12-1-C T12-1-D T12-1-E T12-1-T0T 
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ASARCO RAU BiaOGICAL DATA 
TAXON NAIC 

Anpelisca hancocki 
Ampelisca cf.unsocalae 
Anpelisca lobata 
Byblis valeronis 
Byblis cf, nillsi 
Aoroides sp. Indet. 
Aoroides colunbiae 
Aoroides internedius 
Calliopiidae sp. Indet. 
Calliopius sp. Indet, 
Corophiun sp, Indet. 
Corophium ascherusicun 
Dexanonica reduncans 
Rhachotropis oculata 
Melita sp. Indet. (juvenile) 
Helita desdichada 
Isaeidae sp. Indet. 
Photis sp, Indet. 
Photis brevipes 
Photis bifurcata 
Photis lacia 
Pmtonedeia sp. Indet. 
Protomedeia penates/prudens 
Gammaropsis thompsoni 
Cheirinedeia zotea 
Ischyrocerus sp. Indet. 
Microjassa sp. Indet. 
Hipponedon sp. Indet. 
Lysianassa holnesi 
Opisa tridentata 
Orchonene pacifica 
Orchonene decipiens 
Pachynus barnardi 
Melphisana sp. Indet. 
Oedicerotidae sp. Indet, 
Honoculodes sp. Indet. 
Synchelidiun shoemakeri 
Synchelidiun rectipalnun 
Uestwoodilla caecula 
Pardalisca tenuipes 

Tlfi-l-A Tl£-1-B Tl£-1-C Tlfi-l-D Tlfi-l-E T16-1-T0T T16-4-A TI£-4-B Tl£-4-C Tl£-4-D Tl£-4-E Tlfi-4-TOT 
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ASARCO RAU BIOLOGICAL DATA 

TAXON NAME 

' Anpelisca hancocki 
Anpelisca cf.unsocalae 
Anpelisca lobata 
Byblis valeronis 
Byblis cf. nillsi 
Aoroides sp. Indet. 
Aoroides colunbiae 
Aoroides internedius 
Calliopiidae sp, Indet. 
Calliopius sp. Indet, 
Corophiun sp. Indet, 
Corophiun ascherusicun 
Dexamonica reduncans 
Rhachotropis oculata 
Melita sp, Indet. (juvenile) 
Melita desdichada 
Isaeidae sp, Indet. 
Photis sp. Indet. 
Photis brevipes 
Photis bifurcata 
Photis lacia 
Protonedeia sp. Indet. 
Protonedeia penates/prudens 
Gannaropsis thompsoni 
Cheirinedeia zotea 
Ischyrocerus sp. Indet. 
Microjassa sp. Indet. 
Hipponedon sp. Indet. 
Lysianassa holnesi 
Opisa tridentata 
Orchouene pacifica 
Orchonene decipiens 
Pachynus barnardi 
Melphisana sp. Indet. 
Oedicerotidae sp. Iridet. 
Morioculodes sp. Indet. 
Synchelidiun shoeiiiakeri 
Synchelidiuia rectipalnun 
Uestwoodilla caecula 
Pardalisca tenuipes 

T22-1-A T22-1-B T22-1-C T22-1-D T22-1-E T22-1-T0T T22-2-A T22-2-B T22-2-C T22-2-D T22-2-E T22-2-T0T 
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1 TOTAL 

1 20 

1 11 
1 81 
1 4 
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1 2 
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1 3 
1 £8 
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1 47 
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1 7 
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1 £ 
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ASARCO RAU BIOLOGICAL DATA 

TAXON NAME 

Phoxocephalidae sp. Indet. 

Heterophoxus oculatus 
Metaphoxus frequens 

Metaphoxus fultoni 
Rhepoxynius daboius 

Parapleustes sp. Indet. 
Pleusyates subglaber 

Dulichia cf. falcata 
Dulichia sp. Indet. 

Dyopedos sp. Indet. 
Paradulichia typica 

Podocerus cristatus 
Stenothoidae sp. Indet. 

Tiron biocellata 
Hyperiidea sp. Indet. (juvenile) 

Hyperiidae sp, Irtdet. (juvenile) 
Parathenisto pacifica 

Caprellidea sp. Indet. 
Caprellidae sp. Indet. 

Mayerella banksia 

Tritella pilinana 

Caprella nerdax 
Caprella striata 

Decapoda (?Henigrapsus sp.) 
Coridea sp. Indet. 

Hippolytidae sp. Indet. 
Spirontocaris sp. Indet. 

Eualus pusiolus 
Crangonidae sp. Indet. 

Cragnon sp. Indet. 

Anonura sp. Indet, (larvae) 

Axiopis spinulicauda 

Callianassa sp. Indet. (juvenile) 

Paguridae sp. Indet. 

Pagurus sp. Indet^ 
Porcellanidae sp. Indet. 
Brachyura sp. Indet. (larvae) 

Oregonia gracilis 

Pugettia gracilis 

Career sp. Indet. (larvae 1 juvenile) 

T2-S-A 

0 
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8 
1 
1 
8 
8 
2 
8 
5 
1 
5 
21 
8 
9 
8 
8 
8 
0 
8 
0 
0 
82 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 

1 0 
•0 

0 
0 
0 



ASARCO RAU BIOLOGICAL DATA 
TAXON NAME T4-2-A T4-2-B T4-2-C T4-2-D T4-2-E T4-2-T0T T£-3-A T£-3-B T£-3-C Tfi-3-D 

Phoxocephalidae sp. Indet. 0 0 0 
Heterophoxus oculatus 0 0 0 0 0 0 0 
Metaphoxus frequeris 0 0 1 0 0 1 0 0 0 0 
Hetaphoxus fultoni 0 1 0 1 1 3 0 0 0 0 
Rhepoxynius daboius O O O O 
Parapleustes sp. Iridet. 0 0 0 0 0 0 2 3 0 4 
Pleusyntes subglaber 0 0 0 0 0 0 0 0 
Dulichia cf. falcata O O 0 0 0 0 0 0 0 O 
Dulichia sp. Indet. 0 0 0 0 0 0 0 0 
Dyopedos sp. Indet. 0 0 0 0 
Paradulichia typica 0 0 0 0 0 0 2 0 
Podocerus cr is ta tus O O O O O O O O 
Stenothoidae sp. Iridet. 4 0 1 4 1 10 0 0 0 1 
Tiron biocellata 0 6 9 6 3 24 O O O O 
Hyperiidea sp. Indet. (juvenile) 8 0 0 0 0 0 0 0 0 
Hyperiidae sp. Indet. (juvenile) 0 0 0 0 0 0 0 0 0 0 
Parathenisto pacifica 0 0 0 0 
Caprellidea sp. Indet. 0 0 0 0 0 O O 0 0 1 
Caprellidae sp. Indet. 0 0 0 0 0 0 0 1 1 2 
Hayerella banksia 0 0 0 0 0 0 0 0 0 0 
Tritella pilinana 52 63 188 42 41 386 74 141 12 250 
Caprella mendax 0 2 0 0 0 2 1 14 1 3 
Caprella striata 0 0 0 0 0 0 0 0 0 0 
Decapoda (?Heuigrapsus sp.) 0 0 0 0 0 0 0 0 0 0 
Coridea sp. Indet. 0 0 0 1 1 2 1 0 1 
Hippolytidae sp. Indet. 0 0 0 0 0 0 0 0 0 1 
Spirontocaris sp. Indet. 0 0 0 0 0 0 0 0 0 1 
Eualus pusiolus 0 0 0 0 
Crangonidae sp. Indet. 0 0 0 0 0 0 0 0 0 2 
Cragnon sp. Indet. 0 0 0 0 0 0 0 0 0 
Anonura sp. Indet. (larvae) 1 1 0 0 0 2 0 0 0 0 
Axiopis spinulicauda 0 0 0 0 0 0 0 0 0 0 
Callianassa sp. Indet. (juvenile) 0 0 0 0 0 0 0 0 0 0 
Paguridae sp. Indet. 0 0 0 0 0 0 0 0 , , 0 0 
Pagurus sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Porcellanidae sp. Indet. 0 0 0 1 0 1 0 0 1 0 
Brachyura sp. Indet. (larvae) 0 0 0 0 0 0 0 0 0 0 
Oregonia gracilis 0 0 0 0 0 0 0 0 0 0 
Pugettia gracilis 2 0 3 5 8 18 0 1 1 2 
Cancer sp. Indet. (larvae t juvenile) 3 2 2 3 1 11 3 0 0 1 
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T6-3-E 

0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 

T6-3-T0T 

0 
1 
1 
0 
0 
9 
0 
0 
0 
0 
2 
0 
1 
0 
0 
0 
0 
1 
4 
0 

479 
19 
0 
0 
2 
1 
1 
0 
2 
0 
0 
0 
0 
0 
1 
1 
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ASARCO RAU BIOLOGICAL DATA 

TAXDN NAME 

Phoxocephalidae sp. Indet. 

Heterophoxus oculatus 
Hetaphoxus frequens 

Metaphoxus fultoni 
Rhepoxynius daboius 
Parapleustes sp. Indet. 
Pleusyntes subglaber 

Dulichia cf. falcata 

Dulichia sp. Indet, , 

Dyopedos sp. Iridet. 
Paradulichia typica 
Podocerus cristatus 
Stenothoidae sp. Indet. 

Tiron biocellata 
Hyperiidea sp. Indet. (juvenile) 

Hyperiidae sp. Indet. (juvenile) 
Parathenisto pacifica 

Caprellidea sp. Indet. 
Caprellidae sp. Indet. 
Hayerella banksia 

Tritella pilinana 
Caprella neridax 

Caprella striata 
Decapoda (?Henigrapsu5 sp.) 

Coridea sp. Indet. 
Hippolytidae sp. Indet. 

Spirontocaris sp. Indet. 

Eualus pusiolus 
Crangonidae sp. Indet. 
Cragnon sp. Indet. 
Anonura sp. Indet. (larvae) 

Axiopis spinulicauda 
Callianassa sp, Iridet, (juvenile) 

Paguridae sp. Indet. 
Pagurus sp, Indet, 
Porcellanidae sp. Indet. 

Brachyura sp. Indet, (larvae) 

Oregonia gracilis 

Pugettia gracilis 

Cancer sp. Indet. (larvae 1 juvenile) 

T8-4-A 
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TlO-l-B 
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ASARCO RAU BIOLOGICAL DATA 

TAXON NANE 

Phoxocephalidae sp, Indet. 

Heterophoxus oculatus 

Metaphoxus frequens 
Hetaphoxus fultoni 

Rhepoxynius daboius 
Parapleustes sp. Iridet. 

Pleusyntes subglaber 
Dulichia cf. falcata 

Dulichia sp. Indet. 
Dyopedos sp. Indet. 

Paradulichia typica 

Podocerus cristatus 

Stenothoidae sp. Indet. 
Tiron biocellata 

Hyperiidea sp. Indet. (juvenile) 
Hyperiidae sp. Indet. (juvenile) 

Parathenisto pacifica 
Caprellidea sp. Indet. 

Caprellidae sp. Indet. 

Mayerella banksia 

Tritella pilinana 
Caprella uendax 
Caprella striata 
Decapoda (?Heuigrapsu5 sp.) 
Coridea sp. Indet. 

Hippolytidae sp. Indet. 
Spirontocaris sp. Indet. 
Eualus pusiolus 
Crangonidae sp. Indet. 
Cragnon sp. Indet. 
Anonura sp. Indet. (larvae) 
Axiopis spinulicauda 
Callianassa sp. Indet. (juvenile) 
Paguridae sp. Indet. 
Pagurus sp. Indet. 
Porcellanidae sp. Indet. 
Brachyura sp. Indet. (larvae) 
Oregonia gracilis 
Pugettia gracilis 

Cancer sp. Indet. (larvae t juvenile) 

T11-7-A 

0 
0 
1 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T11-7-B 

0 
0 
1 
0 
1 
2 
0 
0 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 

T11-7-C 

0 
0 
2 
0 

a 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
0 
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0 
0 
0 

T11-7-D 

0 
0 
0 
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1 
0 
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0 
0 

0 
0 
0 
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0 
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1 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T11-7-E 

0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T11-7-TGT 

0 
0 
4 
0 
16 
2 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 

TI2-1-A 

0 
0 
0 
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0 
0 
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0 
0 
0 
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0 
0 
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0 
0 
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0 
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0 
0 
0 
0 
2 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
2 
0 
0 
0 
0 
1 

.. 

T12-1-C 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
3 
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T12-1-D 

0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
34 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
1 
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T12-1-E 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

—J- ^ _ . -

T12-1-T0T 

0 
0 
0 
1 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
48 
2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 
0 
3 
0 
0 
0 
1 
7 
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ASARCO RAU BIOLOGICAL DATA 
TAXON NANE 

Phoxocephalidae sp. Indet. 
Heterophoxus oculatus 
Metaphoxus frequens 
Hetaphoxus fultoni 
Rhepoxynius daboius 
Parapleustes sp. Indet. 
Pleusyntes subglaber 

Dulichia cf. falcata 

Dulichia sp. Indet. 
Dyopedos sp, Indet, 

Paradulichia typica 
Podocerus cristatus 
Stenothoidae sp, Indet. 
Tiron biocellata 

Hyperiidea sp. Indet, (juvenile) 

Hyperiidae sp. Indet. (juvenile) 

Parathenisto pacifica 
Caprellidea sp. Indet. 

Caprellidae sp. Indet. 

Hayerella banksia 

Tritella pilinana 

Caprella mendax 

Caprella striata 

Decapoda (?Henigrapsu5 sp.) 

Coridea sp. Indet. 

Hippolytidae sp. Indet. 
Spirontocaris sp. Indet. 

Eualus pusiolus 
Crangonidae sp. Indet. 

Cragnon sp. Indet. 

Arionura sp. Indet. (larvae) 

Axiopis spinulicauda 

Callianassa sp. Indet. (juvenile) 

Paguridae sp. Indet. 
Pagurus sp. Indet. 

Porcellanidae sp. Indet. 
Brachyura sp. Indet. (larvae) 
Oregonia gracilis 

Pugettia gracilis 

Cancer sp. Indet. (larvae t juvenile) 

T16-1-A 

0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
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1 
1 
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0 
0 
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0 
0 
0 
1 

T16-1-B 

0 
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0 
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0 
0 
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0 
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1 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
1 

T16-1-C 

0 
0 
0 
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0 
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T16-1-E T16-1 
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0 
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8 
0 
0 
0 
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0 
0 
0 
0 
0 
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0 
0 
0 
0 
0 

T16-4-C 

0 
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2 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
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0 
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ASARCO RAU BIOLOGICAL DATA 

TAXON m E 

Phoxocephalidae sp. Indet, 

Heterophoxus oculatus 
Metaphoxus frequens 
Hetaphoxus fultoni 

Rhepoxynius daboius 
Parapleustes sp, Indet, 
Pleusymtes subglaber 

Dulichia cf, falcata 
Dulichia sp, Indet. 
Dyopedos sp. Indet. 
Paradulichia typica 

Podocerus cristatus 
Stenothoidae sp. Indet. 
Tiron biocellata 
Hyperiidea sp. Indet. (juveni 
Hyperiidae sp. Indet. (juveni 

Parathemisto pacifica 

Caprellidea sp. Indet. 
Caprellidae sp. Indet. 

Mayerella banksia 
Tritella pilinaria 

Caprella neridax 
Caprella striata 
Decapoda (?Henigrap5us sp.) 

Coridea sp. Indet. 

Hippolytidae sp. Indet. 
Spirontocaris sp. Indet. 

Eualus pusiolus 
Crangonidae sp. Iridet. 
Cragnon sp. Indet. 
AriCMura sp. Indet. (larvae) 
Axiopis spinulicauda 

le) 
le) 

Callianassa sp. Iridet. (juvenile) 
Paguridae sp. Iridet. 
Pagurus sp. Indet. 
Porcellanidae sp. Indet. 

Brachyura sp. Iridet. (larvae) 
Oregonia gracilis 

Pugettia gracilis 

Cancer sp. Indet. (larvae & j uvenile) 

T22-1-A 

0 
10 
0 
32 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
14 
0 
0 
0 
9 
0 
0 
0 
3 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
16 

T22-1-B 

0 

a 
0 
17 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
£ 
0 
1 
0 
0 
8 

T22-1-C 

0 
10 
0 
13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
7 
0 
0 
0 
9 
0 
0 
0 
0 
0 
2 
1 
0 
0 
0 
B 

. - • x ^ 

T22-1-D 

0 
3 
0 
22 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 

T22-l-£ 

0 
9 
0 
22 
0 
0 
2 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
1 
2 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
8 

. .-, 

T22-1-T0T 

0 
40 
0 

10£ 
0 
1 
4 
0 
0 
2 
0 
0 
0 
1 
0 
0 
0 
3 
5 
0 
15 
0 
0 
1 
17 
0 
0 
0 
16 
1 
0 
0 
0 
0 
10 
1 
1 
2 
0 
45 

..^-^ 

T22-2-fl 

0 
9 
1 

24 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 

__ 

T22-2-B 

0 
3 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 

T22-2-C 

0 

a 
. 0 

1£ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 

" 

T22-2-D 

0 
£ 
0 
15 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 

T22-2-E 

0 
£ 
0 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 

-. 

T22-2-T0T 

0 
32 
1 

£8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
7 
0 
2 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
13 

• . 

1 GRAND 

1 TOTAL 

1 1 
1 77 

1 19 
1 179 

1 52 
1 15 

1 9 
1 5 

1 1 
7 

1 23 
1 1 

1 24 
1 £5 
1 1 
1 1 

1 1 
8 

1 27 
89 

IISI 

75 
3 
1 

31 
1 
1 
10 
3& 
3 
4 
1 
1 
1 

25 
4 
3 
5 
34 

1 142 



P & m a RAU BiaOGICAL DATA 

TAXON NAIC 

Cancer productus 
Lophopanopeus (negalops) 
Lophopanopeus bellus (larvae t adult) 

Pinnotheridae sp. Indet. (larvae) 
Fabia subquadrata 
Pinnixa cf. schmitti 
Insecta sp. Indet, 

Diptera I sp. Indet. 
Chirononidae sp. Indet. (larvae) 

Golfingia sp, Indet. 
Golfingia ninuta 

Echiuridae sp. Indet. 
Phoronida sp. Indet. 
Phoronopsis harneri 
Bryozoa-Menipea sp. Indet. 

Bowerbankia gracilis 
Bryozoa-Cheilostonata-Anasca sp. Indet. 

Bryozoa-Cheilostonata-Ascophora sp. Inde 

Terebratalia transversa 

Goniasteridae sp. Iridet. 
Solasteridae sp. Indet. 

Ophiura lutkeni 
Amphiodia urtica 

Strongylocentrotus sp. Indet. 
Holothuroidea sp. Indet. 

Phyllophoridae sp. Indet. 
Cucunaria piperata 

Cucumaria sp. 2 Indet. 

Cucunaria sp. 1 Indet. 

Eupentacta sp. Indet. 

Eupentacta pseudoquinquesenita 

Pentanera sp. Indet. 
Pentanera populifera 

Leptosynapta sp. Indet. 
Clavelinidae sp. Indet. 

Misc. (?Ascidian) 

Stolidobranchia sp. Indet. 

Mogulidae sp. Indet. (larvae) 
Mogula sp. Indet; 

Odontopyxis trispinc<sa 

Unidentified egg 

T2-5-A 

0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
8 
8 
8 
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8 
8 
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8 
8 
8 
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8 
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0 

T2-5-B 
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0 
0 
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0 
0 
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0 
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0 
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0 
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T2-5-D T2-5-E T2-5-T0T 
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0 
0 
0 
0 
0 
0 
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0 
0 . 

0 
0 
0 
0 
0 
0 
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0 
0 
0 
0 
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0 
0 
0 
0 
0 
0 

. 0 
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0 
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1 

a 
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0 
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0 
0 
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0 
0 
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0 

T3-5-A 

0 

0 
0 
0 
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0 
0 
0 
0 
0 
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2 
0 
0 
0 
0 
0 
0 
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0 
0 
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0 
0 
1 
0 
0 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 

T3-5-B 

0 

0 
0 
0 
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3 
0 
0 
0 
0 
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0 
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0 
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0 
0 
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0 
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ASARCO RAU BIOLOGICAL DATA 
TAXON NAME T4-2-A T4-2-B T4-2-C T4-2-D T4-2-E T4-2-T0T T£-3-A 

Cancer productus 
Lophopariopeus (negalops) 
Lophopanopeus bellus (larvae ( adult) 

Pinnotheridae sp. Indet. (larvae) 
Fabia subquadrata 

Pinnixa cf. schnitti 
Insecta sp. Indet, 

Diptera I sp. Indet. 

Chirononidae sp, Indet. (larvae) 

Golfingia sp. Indet. 
Golfingia minuta 

Echiuridae sp, Indet. 

Phoronida sp, Indet. 
Phoronopsis hameri 
Bryozoa-Menipea sp. Indet. 

Bowerbankia gracilis 
Bryozoa-Cheilostonata-Anasca sp. Indet, 

Bryozoa-Cheilostonata-Ascophora sp. Iride 

Terebratalia transversa 

Goniasteridae sp, Indet. 

Solasteridae sp. Indet, 

Ophiura lutkeni 

Auphiodia urtica 

Strongylocentrotus sp. Indet. 

Holothuroidea sp. Indet. 

Phyllophoridae sp. Indet. 
Cucunaria piperata 

Cucunaria sp. 2 Iridet. 
Cucumaria sp. 1 Indet. 

Eupentacta sp. Indet. 
Eupentacta pseudoquinquesenita 

Pentanera sp. Indet. ' 
Pentanera populifera 

Leptosynapta sp. Indet. 

Clavelinidae sp. Indet. 

Misc. (?Ascidian) 
Stolidobranchia sp. Indet. 

Mogulidae sp. Iridet. (larvae) 
Hogula sp. Iridet. 
Odontopyxis trispinosa 
Unidentified egg 

0 
0 
1 
4 
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14 
0 
0 
0 
4 
0 
0 
0 
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58 98 102 114 384 5£ 
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22 
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ASARCO RAU BldOGICAL DATA 

TAXON NAME T8-4-A T8-4-B T8-4-C T8-4-D TB-4-E TB-4-T0T T lO- l -A. T lO - l -B T10-1-C T10-1-D T10-1-E T10-1-TOT 

Cancer productus 0 0 0 0 0 0 0 0 0 1 0 1 

Lophopariopeus (negalops) O O O O O O O O O O O O 

Lophopanopeus bellus (larvae I adult) 1 0 0 0 0 1 0 0 0 1 0 1 
Pinnotheridae sp. Indet. (larvae) 0 0 0 0 0 0 0 0 0 0 
Fabia subquadrata 0 0 1 0 0 1 0 0 0 0 

Pinnixa cf. schnitti 12 14 12 3 11 52 4 2 2 2 
Insecta sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Diptera I sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Chirononidae sp. Indet. (larvae) 0 0 0 0 0 0 0 0 0 0 
Golfingia sp. Indet. 0 2 1 0 1 4 0 0 0 0 
Golfingia minuta 2 4 0 5 2 13 O O O O 
Echiuridae sp. Iridet. 0 0 0 0 0 0 0 0 0 0 
Phoronida sp. Indet. 0 0 0 0 1 1 0 0 0 0 
Phoronopsis harneri 0 0 1 0 0 1 0 0 0 0 
Bryozoa-Menipea sp. Indet. 0 4 1 4 0 9 0 0 0 0 
Bowerbankia gracilis 15 2£ 23 5 18 87 0 0 0 0 
Bryozoa-Cheilostonata-Anasca sp. Indet. 0 0 2 0 2 4 0 0 0 0 
Bryozoa-Cheilostouata-Ascophora sp. Inde 0 31 12 13 14 70 0 0 0 0 
Terebratalia transversa 0 0 0 0 0 0 0 0 0 0 
Goniasteridae sp. Indet. 0 0 1 0 0 1 1 0 0 0 
Solasteridae sp. Indet. 0 2 1 0 2 5 19 21 8 3 
Ophiura lutkeni 0 0 2 0 0 2 0 0 0 0 
Anphiodia urtica 4 7 5 4 5 25 2 1 0 0 
Strongylocentrotus sp. Indet. 0 0 0 0 0 0 0 0 0 0 
Holothuroidea sp. Indet. 0 0 1 2 0 3 1 0 0 0 
Phyllophoridae sp. Indet. 18 Ifi 9 1 12 48 2 1 1 2 
Cucunaria piperata 0 2 0 0 . 0 2 0 0 0 O 
Cucunaria sp. 2 Indet. 0 3 0 0 0 3 0 0 0 4 
Cucumaria sp. 1 Indet. 20 32 23 24 43 142 0 0 0 0 0 0 
Eupentacta sp. Indet. 0 0 0 0 3 3 0 0 0 0 0 0 
Eupentacta pseudoquinquesenita 1 5 0 0 0 fi 0 0 0 0 0 0 
Pentanera sp. Indet. O O O O O O O O O O O O 
Pentanera populifera 0 0 0 1 0 1 1 5 0 0 1 7 
Leptosynapta sp. Indet, 0 0 0 1 0 1 0 0 0 0 0 0 
Clavelinidae sp. Indet. 8 21 0 1 2 32 O O O 0 0 0 
Misc. (?Ascidian) , 0 0 0 0 . 0 0 0 O 0 0 1 1 
Stolidobranchia sp̂  Iridet. 0 2 0 1 4 7 0 0 0 0 , 0 0 
Hogulidae sp. Indet. (larvae) 0 5 0 0 - 0 5 , 0 0 O 0 ; 0 0 
Mogula sp. Indet. 8 0 0 4 o ' 4 ' 0 0 0 0 0 0 
Odontopyxis trispinosa 0 0 0 0 0 0 0 0 0 0 0 0 
Unidentified egg 0 5 0 0 0 5 0 . 0 0 0 0 , 0 
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(SARCO RAU BIOLOGICAL DATA 

TAXDN NAME 1 

Cancer productus 
Lophopanopeus (negalops) 

Lophopanopeus bellus (larvae t adult) 
Pinnotheridae sp. Indet. (larvae) 

Fabia subquadrata 

Pinnixa cf. schmitti 
Insecta sp. Indet. . 
Diptera I sp. Indet. 
Chirononidae sp. Indet. (larvae) 
Golfingia sp, Indet, 

Golfingia ninuta 

Echiuridae sp. Indet. 

Phoronida sp. Indet. 
Phoronopsis harneri 

Bryozoa-Menipea sp. Irdet. 

Bowerbankia gracilis 

Bryozoa-Cheilostonata-Anasca sp. Indet. 
Bryozoa-Cheilostomata-Ascophora sp. Inde 

Terebratalia transversa 
Goniasteridae sp. Indet. 
Solasteridae sp. Indet. 

Ophiura lutkeni 
Anphiodia urtica 

Strongylocentrotus sp. Iridet. 
Holothuroidea sp. Indet. 
Phyllophoridae sp. Indet. 

Cucunaria piperata 
Cucumaria sp. 2 Indet. 
Cucunaria sp. 1 (ridet. 
Eupentacta sp. Indet. 
Eupentacta pseudoquinquesenita 
Pentamera sp. Indet. 

Pentanera populifera 
Leptosynapta sp. Indet. 
Clavelinidae sp. Indet. 
Misc. (?Ascidian) 

Stolidobranchia sp. Indet. 
Mogulidae sp. Indet. (larvae) 
Mogula sp. Indet. 
Odontopyxis trispinosa 
Uriidentified egg 
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ASARCO RAU BIOLOBICAL DATA 
TAXON NAME T16-1-A 

Cancer productus 
Lophopariopeus (negalops) 
Lophopanopeus bellus (larvae t adult) 
Pinnotheridae sp. Indet. (larvae) 
Fabia subquadrata 
Pinnixa cf. schnitti 
Insecta sp. Indet. 
Diptera I sp. Indet. 
Chirononidae sp. Indet. (larvae) 
Golfingia sp. Indet. 
Golfingia ninuta 
Echiuridae sp. Indet. 

Phoronida sp. Indet. 

Phoronopsis hameri 

Bryozoa-Menipea sp. Indet. 

Bowerbankia gracilis 
Bryozoa-Cheilostonata-Anasca sp. Indet. 

Bryozoa-Cheilostomata-Ascophora sp. Inde 

Terebratalia transversa 

Goniasteridae sp. Indet. 

Solasteridae sp. Indet. 

Of^iura lutkeni 

Anphiodia urtica 

Strongylocentrotus sp. Indet. 
Holothuroidea sp. Indet. 

Phyllophoridae sp. Indet. 

Cucumaria piperata 

Cucumaria sp. 2 Indet. 
Cucunaria sp. 1 Iridet. 

Eupentacta sp. Indet. 

Eupentacta pseudoquinquesenita 

Pentamera sp. Indet. 

Pentanera populifera 
Leptosynapta sp. Indet, 

Clavelinidae sp, Indet. 

Misc. (?Ascidian) 

Stolidobranchia sp. Indet. 
Hogulidae sp. Indet. (larvae) 

Hogula sp. Indet. 
Odontopyxis trispinosa 

Unidentified egg 

0 
0 
0 
3 
0 
27 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
8 
8 
8 
8 
8 
8 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
17 

Tlfi-l-B 

0 
0 
0 
0 
0 
1£ 
0 
0 
0 
0 
0 
1 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 
0 
0 
8 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
12 

T16-1-C 

0 
0 
0 
1 
0 
14 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
14 

Tlfi-l-D 

0 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
8 
8 
1 
8 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 

Tlfi-l-E Tlfi-

0 
0 
0 
0 
0 
10 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
2 
0 
0 
0 
2 
0 
0 
0 
0 
0 
£ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 

1-TOT 

0 
0 
0 
4 
0 
74 
0 
0 
0 
0 
0 
1 
0 
3 
0 
5 
0 
0 
4 
0 
0 
0 
2 
0 
1 
0 
0 
0 
19 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
££ 

Tl£-4-A 

0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
4 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Tlfi-4-B 

0 
0 
0 
1 
0 
2 
0 
1 
0 
0 
1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 
0 
0 
0 
1 
0 
0' 
0 
0 
0 
0 
0 
0 
0 

Tl£-4-C 

0 
0 
0 
0 
0 
2 
0 
0 
8 
8 
8 
8 
8 
8 
8 
1 
8 
8 
8 
8 
8 
8 
0 
0 
1 
0 
0 
3 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

8 

Tl£-4-D 

0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Tlfi-4-E 

0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 

i 2 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Tl£-4-T0T 

0 
0 

. 0 
1 
0 
10 
0 
1 
0 
0 
5 
1 
0 
0 
0 
1 
0 
2 
0 
0 
0 
0 
0 
0 
2 
0 
0 
24 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
d 



ASARCO RAU BIOLOGICAL DATA 

TAXON NANE 

Cancer productus 

Lophopariopeus (negalops) 

Lophopanopeus bellus (larvae 1 adult) 
Pinnotheridae sp. Indet. (larvae) 
Fabia subquadrata 

Pinnixa c f . schnitti 
Insecta sp. Indet. 
Diptera I sp. Indet. 

Chirononidae sp. Indet. (larvae) 

Golfingia sp. Indet. 
Golfingia ninuta 

Echiuridae sp. Indet. 

Phoronida sp. Iridet. 
Phoronopsis hameri 
Bryozoa-Menipea sp. Irdet. 

Bowerbankia gracilis 

Bryozoa-Cheilostotiiata-Anasca sp. Iridet. 

Bryozoa-Cheilostouata-Ascophora sp. Iride 

Terebratalia transversa 
Goniasteridae sp. Indet. 

Solasteridae sp. Indet. 
Ophiura lutkeni 

Anphiodia urtica 
Strongylocentrotus sp. Indet. 

Holothuroidea sp. Indet. 
Phyllophoridae sp. Indet. 

Cucunaria piperata 
Cucunaria sp. 2 Indet. 
Cucunaria sp. 1 Iridet. 
Eupentacta sp. Iridet. 

Eupentacta pseudoquinquesenita 
Pentanera sp. Indet. 
Pentanera populifera 
Leptosynapta sp. Indet. 

Clavelinidae sp. Indet. 
Misc. (?Ascidian) 

Stolidobranchia sp. Indet. 
Hogulidae sp. Indet. (larvae) 
Hogula sp. Indet. 
Odontopyxis trispinosa 
Unidentified egg 
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0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
1 
0 
2 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

T22-1-D 

0 
1 
7 
0 
0 
4 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-1-E 

0 
3 
11 
0 
0 
2 
0 
0 
0 
0 
£ 
0 
3 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-1-TDT 

0 
4 
37 
0 
0 
19 
1 
0 
2 
0 
15 
0 

, 3 

0 
0 
0 
0 
5 
0 
0 
0 
I 
7 
0 
3 
0 
4 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

T22-2-fl 

0 
0 
0 
1 
0 
21 
0 
0 
0 
0 
0 
0 
0 
0 
0 
£ 
0 
2 
0 
2 
0 
0 
2 
0 
0 
0 
0 
0 
10 
0 
0 
0 
5 
3 
0 
0 
0 
0 
0 

e 
0 

T22-2-B 

0 
0 
1 
0 
0 
8 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
8 
5 
1 
1 
2 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-C 

0 
0 
0 
0 
0 
42 
0 
0 
2 
0 
0 
0 
0 
0 
0 
2 
0 
2 
0 
1 
0 
0 
0 
0 
2 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T22-2-D 

0 
0 
0 
0 
0 
£ 
0 
0 
1 
0 
0 
0 
0 
0 
0 
3 
0 
1 
0 
2 
0 
0 
2 

' 0 

1 
0 
0 
5 
5 
0 
2 
0 
1 
2 
0 
1 
0 
0 
0 
0 
0 

T22-2-E 

0 
0 
1 
0 
0 
14 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
2 
0 
0 
3 
0 
1 
0 
0 
0 
3 
0 
3 
0 
2 
3 
0 
0 
0 
0 
0 
0 
0 

T22-2-T0T 

0 
0 
2 
1 
0 
91 
0 
0 
3 
0 
0 
0 
1 
0 
0 
15 
0 
5 
0 
7 
0 
0 
10 
0 
12 
5 
1 
£ 
24 
0 
5 1 

0 
9 1 

8 
0 1 

1 
0 1 
0 1 
0 1 
0 
0 

1 GRAND 

1 TOTAL 

1 
4 
50 
44 
5 

894 
1 
1 
5 
33 
33 
9 
5 
21 
21 
113 
105 
83 
29 
17 
80 
78 
51 
I 

30 
£0 
51 
40 
194 
£0 
47 
10 
27 
10 
44 
2 
10 
9 
7 
1 

82 



IMMATURE FORMS COLLECTED 

Synidotea sp. Indet. (juvenile) 
Helita sp. Indet. (juvenile) 
Hyperiidea sp. Indet. (juvenile) 
Hyperiidae sp. Indet. (juvenile) 
Callianassa sp. Indet. (juvenile) 
Brachyura sp. Indet. (larvae) 
Cancer sp. Indet. (larvae ( juvenile) 
Lophopanopeus (negalops) 
Lophopanopeus bellus (larvae t adult) 
Pinnotheridae sp. Indet. (larvae) 
Goniasteridae sp. Indet. 
Solasteridae sp. Indet. 
Holothuroidea sp. Indet. 
Phyllophoridae sp. Indet. 
Cucunaria sp. 2 Indet. 
Cucunaria sp. 1 Indet. 
Eupentacta sp. Indet. 
Pentamera sp. Indet, 
Leptosynapta sp. Indet. 
Clavelinidae sp. Indet. 
Hogulidae sp. Indet. (larvae) 

TOTAL 

SIMPSON'S INDEX = 

SHANNON-UIENER INDEX = 

NODC 

£lfi20202e0 
£1£9211000 
fil7O0O0000 
fil70O10000 
filB3O4O200 
£184000000 
£188030100 
£189020100 
£189020101 
£189080000 
8111040000 
8113010800 
8170000000 
8172040000 
8172080198 
0172080199 
8172080200 
8172080300 
8178010200 
8403010000 
8408030000 

T2-5-T0T 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
0 
0 
0 
3 
0 
0 
0 
0 
0 

fi.0O 

MEAN 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.250 
0.500 
0.000 
0.000 
0,000 
0.7SO 
0.000 
0.000 
0.000 
0.000 
0.000 

1.50 

0.042 

3.333 

STD 

0.000 
0.000 
Va VCV 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.433 
0.500 
0.000 
0.000 
0.000 
0.829 
0.000 
0.000 
0.000 
0.000 
0.000 

1.78 

0.009 

0.141 

T3-5-T0T 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
10 
0 
1 
1 
fi 
0 
5 
0 
0 
0 

24.00 

MEAN 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.200 
0.000 
2.000 
0.000 
0,200 
0.200 
1.200 
0.000 
1.000 
0.000 
0.000 
0,000 

4.80 

0.044 

3.415 

STD 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.400 
0.000 
1.789 
0.000 
0.400 
0.400 
0.748 
0.000 
1.285 
0.000 
0,000 
0.000 

5,00 

0.013 

0.351 

T4-2-T0T 

0 
0 
0 
0 
0 
0 
11 
0 
a 

22 
£ 
0 
£ 
0 
0 
0 
48 
0 
1 
12 
0 

114.00 

MEAN 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
2.200 
0.000 
l.fiOO 
4.400 
1.200 
0.000 
1.200 
0.000 
0.000 
0.000 
9. £00 
0.000 
0,200 
2.400 
0.000 

22. BO 

0.102 

3,153 

STD 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.748 
0.000 
1.855 
3. £11 
l.lfifi 
0.000 
l.lfifi 
0.000 
0.000 
0.000 
9.002 
0.000 
0.400 
1.744 
0.000 

19. £9 

0.018 

0.101 



IMMATURE FORMS C(UECTED 

Synidotea sp. Indet, (juvenile) 
Helita sp. Indet, (juvenile) 
Hyperiidea sp. Indet. (juvenile) 
Hyperiidae sp. Indet. (juvenilel 
Callianassa sp. Indet. (juvenile) 
Brachyura sp. Iridet. (larvae) 
Cancer sp. Indet. (larvae t juvenile) 
Lophopanopeus (negalops) 
Lophopariopeus bellus (larvae i adult) 
Pinnotheridae sp. Indet. (larvae) 
Goniasteridae sp. Indet. 
Solasteridae sp. Indet. 
Holothuroidea sp. Iridet. 
Phyllophoridae sp. Indet. 
Cucunaria sp. 2 Indet. 
Cucunaria sp. 1 Indet. 
Eupentacta sp. Indet. 
Pentanera sp. Indet. 
Leptosynapta sp. Indet. 
Clavelinidae sp, Indet. 
Mogulidae sp. Indet. (larvae) 

TOTAL 

SIMPSON'S INDEX = 

SHANNON-UIENER INDEX = 

tax 

fil£202O20O 
£lfi921100O 
fil70000000 
£170010000 
£183040200 
£184000000 
£188030100 
£189020100 
£189020101 
£189060000 
8111040000 
8113010000 
8170000000 
8172040000 
8172060198 
8172060199 
8172060200 
8172060300 
8178010200 
8403010000 
840£030000 

T£-3-T0T 

0 
0 
0 
0 
0 
0 
5 
0 
1 
9 
0 
5 
1 
0 
0 
0 
0 
0 
0 
0 
2 

23.00 

MEAN 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.000 
0.000 
0.200 
1.800 
0.000 
1.000 
0.200 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.400 

4.£0 

0.053 

3.759 

STD 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.095 
0.000 
0.400 
1.327 
0.000 
0.894 
0,400 
0.000 
0.000 
0.000 
0.000 
0.080 
0.000 
0.000 
0.490 

4.81 

0.028 

0.242 

T8-4-T0T 

0 
0 
0 
1 
4 
0 
1 
7 
0 
0 
0 
0 
1 
2 
1 
0 
1 
1 
0 
0 
0 

19.00 

MEAN 

0.000 
0.000 
0.000 
0,200 
0.800 
0.000 
0.200 
1.400 
0.000 
0.000 
0.000 
0.000 
0.200 
0.400 
0.200 
0.000 
0.200 
0.200 
0.000 
0.000 
0.000 

3.80 

0.030 

3.%7 

STD 

0.000 
0.000 
0.000 
0.400 
0.980 
0.000 
0.400 
1.497 
0.000 
0.000 
0.000 
0.000 
0.400 
0.490 
0.400 
0.000 
0.400 
0.400 
0.000 
0.000 
0.000 

5.37 

0.004 

0.073 

TlO-1-TOT 

0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 

£.00 

MEAN 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
O.fi00 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0,000 
o.fieo 
0.000 

1.20 

0.072 

3.153 

STD 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.800 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.200 
0.000 

2.00 

0.011 

e.i£S 



IMMATURE FORMS COLLECTED 

Synidotea sp, Indet. (juvenile) 
Helita sp. Indet. (juvenile) 
Hyperiidea sp. Indet. (juvenile) 
Hyperiidae sp. Indet. (juvenile) 
Callianassa sp. Indet. (juvenile) 
Brachyura sp. Indet. (larvae) 
Cancer sp, Indet, (larvae I juvenile) 
Lophopariopeus (megalops) 
Lophopanopeus bellus (larvae t adult) 
Pinnotheridae sp. Indet. (larvae) 
Goniasteridae sp. Indet. 
Solasteridae sp. Indet. 
Holothuroidea sp. Indet. 
Phyllophoridae sp. Indet. 
Cucunaria sp, 2 Indet, 
Cucunaria sp. 1 Indet. 
Eupentacta sp. Indet. 
Pentanera sp. Indet. 
Leptosynapta sp. Indet. 
Clavelinidae sp. Indet. 
Mogulidae sp. Indet. (larvae) 

TOTAL 

SIMPSON'S INDEX = 

SHANNON-UIENER INDEX » 

NODC 

£162020200 
6169211000 
6170000000 
6170010000 
6183040200 
61B4IM0000 
6188030100 
6189020100 
£189020101 
£ie90fie00O 
8111040000 
8113010000 
8170000000 
8172040000 
8172080198 
8172080199 
8172080200 
Bl72080300 
0178010200 
8403010000 
0408030000 

T11-7-T0T 

0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.00 

MEAN 

0.000 
0.000 
0.000 
0.000 
0.400 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.008 
0.000 
0.000 
0.000 
0.000 
0.000 

0.40 

0.097 

2.775 

STD 

0.000 
0.000 
0.000 
0.000 
0.490 
0.000 
0.000 
0.000 
V« vUv 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0,000 
0,000 
VmVoV 

0,000 
0.000 

0.49 

0.0.12 

0,386 

T12-1-T0T 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0,00 

MEAN 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
9.909 
0,000 
0.000 
0.000 
0.000 
Va VV0 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.00 

0.523 

1.388 

STD 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0,000 
0,000 
0.000 
0.000 
0.000 
0.000 

0.00 

0,302 

0,853 

T16-1-T0T 

1 
0 
0 
9 
11 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

22.00 

MEAN 

0.200 
0.000 
0.000 
1.600 
2.200 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
O.W0 
0.000 
0.200 
0.000 
VmVVV 

0.000 
0.000 
0.000 
0.000 
0.000 

4.40 

0.080 

3.311 

STD 

0.400 
0.000 
0.000 
1.720 
1.720 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.400 
0.000 
0.000 
0.000 
0.000 
0.000 
Va VUW 

0.000 

4.24 

0.012 

0.107 



IMMATURE FORMS COLLECTED 

Synidotea sp. Indet. (juvenile) 
Helita sp. Irxlet. (juvenile) 
Hyperiidea sp. Indet. (juvenile) 
Hyperiidae sp. Indet. (juvenile) 
Callianassa sp. Indet. (juvenile) 
Brachyura sp. Indet. (larvae) 
Career sp. Indet. (larvae ( juvenile) 
Lophopanopeus (negalops) 
Lophopanopeus bellus (larvae ( adult) 
Pinnotheridae sp. Indet. (larvae) 
Goniasteridae sp. Indet. 
Solasteridae sp. Indet. 
Holothuroidea sp, Indet. 
Phyllophoridae sp. Indet. 
Cucunaria sp. 2 Indet. 
Cucunaria sp. 1 Indet. 
Eupentacta sp. Indet. 
Pentanera sp. Indet. 
Leptosynapta sp. Indet. 
Clavelinidae sp. Iridet. 
Hogulidae sp. Indet. (larvae) 

TOTAL 

SIMPSON'S INDEX = 

SHANNON-UIENER INDEX = 

NODC 

6162020200 

6169211000 
6170000000 
6170010000 

6183040200 
6184000000 

6188030100 
6189020100 
6189020101 

6189060000 

8111040000 
8113010000 

8170000000 

8172040000 
8172060198 

8172060199 

8172060200 
8172060300 
8178010200 
8403010000 

8406030000 

T16-4-T0T 

0 

0 
0 

0 

0 
2 

0 

0 

0 

1 
0 

0 

2 

0 
24 

0 
0 
5 

0 
0 

0 

34.00 

HEAN 

0.000 

0.000 

0,000 
0.000 
0.000 
0.400 

0.000 
0.000 

0.000 
0.200 

0.000 
0.000 
0.400 

0.000 

4.800 

0.000 
0.000 
1.000 

0.000 
0.000 

0.000 

6.80 

0.0£0 

3.329 

STD 

0.080 

0,000 

0.000 
0.000 
0,000 
0,800 
0.000 

0.000 

0.000 
0.400 

0.000 

0.000 
0,490 

0.000 

2.638 

0.000 

0.000 
0.632 
0.000 
0.000 

0.000 

4.96 

0.026 

0.267 

T22-1-T0T 

0 

0 

0 

0 
0 

1 
45 

4 
37 

0 

0 

0 
3 

0 

0 

0 
0 

0 
0 

0 

0 

90.00 

MEAN 

0.000 
0.000 

0.000 

0.000 
0.000 
0.200 

9.000 
0.800 

7.400 

0.000 

0.000 
0.000 

0.600 

0.000 

0.000 

0.000 
0.000 
0.000 
0.000 

0.000 
0.000 

18.00 

0.065 

3.512 

STD 

0.000 

0.000 

0.000 

0.000 
0.000 

0.400 
3. £88 
1,166 

2.653 
0,000 

0.080 

0.000 

0.800 
0.000 

0.000 

0.000 
0.000 

0.000 
0,000 
0,000 
0.000 

8.71 

0.021 

0.205 

T22-2-T0T 

0 
0 

1 

I 
0 
0 

13 

0 

2 

1 
7 

0 
12 

S 

6 

24 
0 
0 

a 
0 

0 

80.00 

MEAN 

0.000 
0.000 

0,200 
0.200 
0,000 
0.000 

2,600 
0.000 

0.400 

0.200 

1.400 
0.000 
2,400 

1.000 

1,200 

4.800 
0,000 

0,000 
1.600 
0.000 
0.000 

16.00 

0.068 

3.448 

STD 

0.000 

0.000 

0.400 

0.400 
0.000 
0.000 

1.020 
0.000 

0.490 
0.400 

0.800 

0.000 

2.871 
2.000 

1.939 
2.786 
0.000 

0.000 
1.358 
0.000 
0.000 

14.4£ 

0.011 

0.081 

-J; 



BENTHIC BIOMASS DATA (Grams Per Sample) 

STATION REPLICATE ARTHROPODA MOLLUSCA ANNELIDA 

T2-5 

MISC. 

T3-5 

T4-2 

T6-3 

f" 
I 

T8-4 

TOTAL 

A 
B 
C 
D 
E 

MEAN 
STD 

A 
B 
C 
D 
E 

MEAN 
STD 

A 
B 
C 
D 
E 

MEAN 
STD 

A 
B 
C 
D 
E 

MEAN 
STD 

A 
B 
C 
D 
E 

MEAN 
STD 

0.1978 
0.1841 
0.1301 
0.0545 

0.1133 
0.0758 

0.2124 
0.2395 
0.2390 
0.3170 
0.2063 
0.2428 
0.0395 

1.2318 
0.6211 
0.7686 
1.1946 
1.3683 
1.0369 
0.2890 

0.6175 
0.8878 
0.2979 
0.5952 
0.4075 
0.5612 
0.2020 

0.2518 
0.4595 
0.6306 
0.2577 
0.2059 
0.3611 
0.1606 

1.5875 
0.2084 
4.7081 
1.3347 

—____1Jr̂  caivn_ 

0.6065 
1.4902 
0.6600 
0.0895 

•" n u a ACT t-1.!-..-» x/vr\Xiii — 

1.9597 0.7116 
1.6696 

1.9672 
2.7883 
6.2673 
6.5126 
1.0068 
3.7084 
2.2622 

1.6437 
1.3380 
0.8250 
1.6540 
1.7587 
1.4439 
0.3398 

1.5443 
6.6922 
2.9127 
2.6478 
0.9773 
2.9549 
1.9982 

2.1055 
2.0107 
5.5979 
1.6816 
1.7486 
2.6289 
1.4929 

0.5017 

0.9801 
2.0339 
2.3626 
2.0388 
1.5498 
1.7930 
0.4823 

3.1795 
2.4857 
2.4958 
2.4789 
5.1007 
3.1481 
1.0125 

2.3689 
1.9374 
4.4615 
3.6171 
0.6122 
2.5994 
1.3374 

3.9631 
5.0121 
3.8457 
3.8726 
2.8374 
3.9062 
0.6890 

0.8281 
0.2794 
0.0803 
0.0191 

0.3017 
0.3188 

0.2437 
0.4397 
0.3130 
1.0251 
0.4837 
0.5010 
0.2758 

10.4141 
6.1595 
3.1575 
4.5495 
6.4171 
6.1395 
2.4401 

1.6795 
3.3081 
0.8988 
3.5285 
0.1016 
1.9033 
1.3357 

2.5832 
3.3788 
2.0460 
0.9092 
2.2572 
2.2349 
0.8029 

3.2199 
2.1621 
5.5785 
1.4978 

3.1146 
1.5495 

3.4034 
5.5014 
9.1819 
9.8935 
3.2466 
6.2454 
2.8126 

16.4691 
10.6043 
7.2469 
9.8770 
14.6448 
11.7684 
3.3391 

6.2102 
12.8255 
8.5709 
10.3886 
2.0986 
8.0188 
3.6700 

8.9036 
10.8611 
12.1202 
6.7211 
7.0491 
9.1310 
2.1034 



BENTHIC BIOMASS DATA (Grams Per Sample) 

STATION REPLICATE ARTHROPODA MOLLUSCA ANNELIDA MISC. TOTAL 

TlO-1 

Tll-7 

T12-1 

T16-1 

T16-4 

A 
B 
C 
D 
E 

MEAN 
STD 

A 
B 
C 
D 
E 

MEAN 
STD 

A 
B 
C 
D 
E 

MEAN 
STD 

A 
B 
C 
D 
E 

MEAN 
STD 

A 
B 
C 
D 
E 

MEAN 
STD 

5.5099 
1.1366 
7.6206 
3.4000 
0.5947 
3.6524 
2.6435 

0.1160 
1.0276 
0.0995 
0.1606 
0.1060 
0.3019 
0.3635 

0.1200 
0.7360 
0.3925 
0.4773 
0.3607 
0.4173 
0.1987 

0.4982 
0.2834 
0.2799 
0.3209 
1.2252 
0.5215 
0.3608 

0.1524 
0.1365 
0.1272 
0.0241 
0.1764 
0.1233 
0.0523 

0.4563 
0.2654 
0.1703 
0.2497 
0.2323 
0.2748 
0.0963 

1.6609 
1.9307 
1.8890 
1.2767 
4.1555 
2.1826 
1.0134 

0.0046 
0.1008 
0.1380 
0.0389 
0.1034 
0.0771 
0.0483 

1.7928 
1.2781 
1.6860 
1.4343 
3.1853 
1.8753 
0.6797 

0.9960 
1.1990 
0.8162 
1.0053 
0.4547 
0.8942 
0.2509 

3.0397 
1.8966 
2.1666 
1.8645 
1.5979 
2.1131 
0.4971 

0.7469 
2.4637 
0.6087 
1.1005 
0.3314 
1.0502 
0.7489 

1.1748 
0.7338 
0.3746 
1.0388 
0.8516 
0.8347 
0.2755 

2.9419 
1.4136 
2.2554 
1.2959 
2.5349 
2.0883 
0.6386 

0.9614 
1.2421 
0.4678 
1.4399 
1.1134 
1.0449 
0.3285 

0.1179 
0.1557 
0.1474 
0.2640 
0.1608 
0.1692 
0.0497 

0.0000 
0.2089 
0.0653 
0.0000 
0.1474 
0.0843 
0.0826 

0.0000 
0.0000 
0.1076 
0.0431 
0.0010 
0.0303 
0.0420 

0.6227 
0.1854 
0.1553 
0.1983 
0.2408 
0.2805 
0.1733 

0.1462 
0.1359 
0.0580 
0.1379 
0.4690 
0.1894 
0.1434 

9.1238 
3.4543 

10.1049 
5.7782 
2.5857 
6.2094 
2.9858 ' 

) 

2.5238 
5.6309 
2.6625 
2.5378 
4.7403 
3.6191 
1.3106 

1.2994 
1.5706 ; 
1.0127 
1.5981 
1.3167 .' 
1.3595 
0.2132 

5.8556 
3.1605 
4.3766 ] 
3.2494 
7.1862 
4.7657 
1.5540 I 

2.2560 
2.7135 
1.4692 
2.6072 
2.2135 •' 
2.2519 
0.4367 



BENTHIC BIOMASS DATA (Grams Per Sample) 

STATION REPLICATE ARTHROPODA MOLLUSCA ANNELIDA MISC. TOTAL 

T22-1 

T22-2 

A 
B 
C 
D 
E 

MEAN 
STD 

A 
B 
C~ 
D 
E 

MFAN 
STD 

0.8131 
0.8037 
2.1887 
0.8967 
1.7674 
1.2939 
0.5752 

5.0269 
0.5522 
0.5938 
3.8849 
0.7686 
2.1653 
1.9062 

0.7496 
1.1331 
1.5874 
0.7130 
0.5970 
0.9560 
0.3635 

1.7855 
1.8963 
1.2223 
1.4516 
11.7254 
3.6162 
4.0616 

6.0413 
3.9596 
3.0126 
2.4702 
3.5865 
3.8140 
1.2233 

2.3656 
2.7507 
3.0554 
2.1926 
2.9729 
2.6674 
0.3368 

0.3382 
1.1771 
0.6199 
0.8522 
1.1178 
0.8210 
0.3129 

0.6292 
0.7291 
0.8716 
0.5005 
2.4727 
1.0406 
0.7263 

7.9422 
7.0735 
7.4086 
4.9321 
7.0687 
6.8850 
1.0271 

9.8072 
5.9283 
5.7431 
8.0296 
17.9396 
"9.4896 
4.4800 
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L INTRODUCTION 

This Laboratoiy Data Validation report (Volume HI of the ASARCO Tacoma Smelter 
Remedial Investigation) presents our validation of the Sample Data Package for chemical 
analyses of samples collected for Phase I and Phase n of the Remedial Investigation. 
Inorganic and organic chemical analyses were performed on surficial soil, subsurface soil 
or slag, groundwater, fill leachate, surface water, surficial marine sediments, and marine 
sediment core samples collected on or near the ASARCO Tacoma Smelter site. Our 
review of the Sample Data Package was performed in accordance with Laboratory Data 
Validation Function Guidelines (USEPA 1987, USEPA 1988) in fulfiUment of a 
requirement by EPA issued to ASARCO in April 1988. 

Samples were collected and handled in accordance with the Sampling and Analysis Plans 
for the ASARCO Tacoma Smelter Remedial Investigation (Parametrix et al. 1987) and 
the Program Quality Assurance Plan for the ASARCO Tacoma Smelter Remedial 
Investigation (Parametrix 1986) approved by the U.S. Environmental Protection Agenty. 
Phase I samples were collected during the months of August through November 1987. 
Phase n sampling began in June 1988 and was completed in January 1989. Fill leachate 
and marine sediment core sampling were conducted during Phase II only, and surface 
water samples were collected in the months of January, April, and June 1988. The 
samples were shipped to the ASARCO Salt Lake City (SLC), Utah laboratory for 
analyses of inorganic parameters. Additional samples were shipped by ASARCO SLC 
to Lancaster Laboratories, Inc., for analyses of organic compounds and to Controls for 
Environmental Pollution, Inc., for analyses of radiological parameters (Phase I only). 
The methods used for chemical analyses are listed in Table 1-1. 



Table 1-1. Summary of chemical analyses methods. 

Parameter Reference/Method 

Total Metals (Soin 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

^raptabl? (EP Tox) Metals (Soil) 

CLP SOW 1986/EPA 204.1 
CLP SOW 1986/EPA 206.2, 3 , .4 
(XP SOW 1986/EPA 208.1 
CLP SOW 1986/EPA 213.1 
CLP SOW 1986/EPA 218.1 
CLP SOW 1986/EPA 220.1 
CLP SOW 1986/EPA 239.1, 2 
CLP SOW 1986/EPA 245.1 
CLP SOW 1986/EPA 249.1 
CLP SOW 1986/EPA 270.1, .2, 3 
CLP SOW 1986/EPA 272.1 
CLP SOW 1986/EPA 279.1 
CLP SOW 1986/EPA 289.1 

Same parameters and methods as Total Metals except extraction procedures followed SW 
1310. 

Organic Parameters (Soin 

Semivolatile Organics 
Pesticides and PCBs 
Benzene, Toluene, Ethylbenzene, and 

Xylenes (BTEX) 
Total Petroleum Hydrocarbons (TPH) 
GC-FID Screen 

SW 3550/SW 8270 
SW 3550/SW 8080 

SW 5030/SW 8020 
SW 3540/EPA 418.1 
GC-FID 

SW 'Test Methods for Evaluating Solid 
Waste (SW 846), U.S.E.P.A.," 
November 1986. 

EPA "Methods for Chemical Analysis of 
Water and Wastes, U.S.E.P.A.," 
March 1983. 

CLP SOW "ASARCO Laboratory - EPA 
Contract Lab Program Statement 
of Work," 1986. 



Table 1-1. Summary of chemical analyses methods (continued). 

Parameter Reference/Method 

Total Metals (Water') 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromiimi 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

Dissolved Metals (Water^ 

LAP 6/24/86/EPA 
LAP 6/24/86/EPA 
LAP 6/24/86/EPA 
LAP 6/24/86/EPA 
LAP 6/24/86/EPA 
LAP 6/24/86/EPA 
LAP 6/24/86/EPA 
LAP 6/24/86/EPA 
LAP 6/24/86/EPA 
LAP 6/24/86/EPA 
LAP 6/24/86/EPA 
LAP 6/24/86/EPA 
LAP 6/24/86/EPA 

3, .4 
204.1 
2062, 
208.1 
213.1 
218.1 
220.1 
239.1, 2 
245.1 
249.1 
270.1, .2, 3 
272.1 
279.1 
289.1 

Same methods as total metals but were filtered with a 0.45 micron filter before 
preservation. 

Miscellaneous Inorganics (Water^ 

Sodium 
Iron 
Potassium 
Magnesium 
Manganese 
Calcium 
Chloride 
Sulfate 
Bicarbonate Alkalinity 
Sulfide 
Total Organic Carbon (TOC) 

Organic Parameters (Water) 

Benzene, Toluene, Ethylbenzene and Xylenes 
Total Petroleum Hydrocarbons (TPH) 

EPA 273.1 
EPA 236.1 
SM 303 H 
EPA 242.1 
EPA 243.1 
EPA 215.1 
EPA 300.0 
EPA 3752 
EPA 310.1 
EPA 376.1 or EPA 3762 
SW 3520/EPA 415.1 

Purge and Trap/SW 8020 
EPA 418.1 



Table 1-1. Summary of chemical analyses methods (continued). 

Parameter Reference/Method 

SM "Standard Methods for the Examination of Water 
and Wastewater", 15th edition, 1980, American 
Public Health Associatioa 

SW 'Test Methods for Evaluating Solid Waste (SW 846), 
U.S.E.PA-," November 1986. 

EPA "Methods for Chemical Analysis of Water and 
Wastes, U.S.E.P.A.," March 1983. 

LAP ASARCO Laboratory in-house method or modification of a previously published 
method. 



2. SUMMARY OF FINDINGS 

Based on our data validation review, we judged the analytical data to be generally 
acceptable as valid for the purposes of the ASARCO Tacoma Smelter Remedid 
Investigation-and Feasibility Study. Only a few data were rejected as unusable In-some-
cases, results were qualified as estimates due to violations of quality control criteria. 
Data qualifier codes are defined in Table 2-1. 

Table 2-1. Definitions for data qualifier codes - ASARCO RI/FS 

< Less than. The associated value was the quantitation (detection) limit 

J Indicates an estimated value because one or more quality control criteria 
were not met 

N The associated quantitation limit is estimated because one or more quality 
control criteria were not met 

R Quality control indicates that the datum is unusable and the compound may 
or may not be present. Resampling and reanalysis would be necessary for 
verification. -

U The compound was judged to be undeteaed due to blank contamination. 
The associated value is the estimated sample quantitation limit 

Z Results were not reported by the laboratory on a dry-weight basis. 

W This qualifier is restricted to the furnace atomic absorption 
spectraphotometry (Furnace AA) analysis of lead. "W indicates the sample 
absorbance was less than 50 percent of the spike absorbance and the spike 
recovery was less than 85 percent or greater than 115 percent. 

E Indicates the spike recovery was less than 40 percent in the furnace AA 

analysis of Itad. 

' This sample was lost by the laboratory. 

# The laboratory did not report this total organic carbon (TOC) result 
because the non-homogeneous nature of the sample made it difficult to get 
reproducible results. — 

Detailed discussions of the laboratory data validation are contained in Chapter 4 and the 
appendices of this volume. The following sections of Chapter 2 summarize the flagging 
of data with qualifier codes. 



2.1 SURFICL^L SOIL 

Analytical results for surficial soil samples are generally valid for the purposes of the J 
ASARCO Tacoma Smelter Remedial Investigation and Feasibility Study. Phase I 
analyses included total metals, EP Toxicity metal, semi-volatile organics and PCBs. ] 
Phase n stirficial soils were analyzed for total metals and EP Toxicity metals. \ 

2.1.1 INORGANICS (PHASE I, TOTAL METALS) 

All mercury results were flagged as estimates (J or N) due to holding time violations. 
Also, one of the standard curves used for mercury quantitation had a low correlation 
coefficient 

All cadmium and lead results were flagged as estimates (J or N) due to low correlation 
coefficients for standard curves. 

Antimony results for samples SS-28, SS-40, SS-47, SS-48, SS-36, SS-6, and SS-3 were 
flagged as estimates (J) because continuing calibration verification recoveries indicated 
sample results may have been biased high. 

2.12 INORGANICS (PHASE I, EP TOXICITY METALS) 

All mercury results were flagged as estimates (J or N) due to holding time violations. 

All cadmium results were flagged as estimates (J or N) due to low correlation 
coefficients for standard curves. 

2.13 INORGANICS (PHASE II) 

All mercury results were flagged as estimates (J or N) due to holding time violations. 

ICV recoveries for selenium indicated EP Tox results for samples SS2-01 and SS2-22 may 
be biased high, thus selenium results for these samples were flagged as estimated (J). 
A low CCV recovery for selenium indicated that results for SS2-02 and SS2-15 may be 
biased low, thus selenium results for thee samples were flagged as detection limit 
estimates (N). 

Matrix spike recoveries indicated total antimony results may be biased low, thus all total 
antimoity data were flagged as estimates (J or N). A high matrix spike recovery for 
arsenic indicated depth study sample results may be biased high, thus positive arsenic 
data for these samples were flagged as estimates (J). 

2.1.4 ORGANICS 

All PCB results were flagged as estimates (J or N) due to holding time violations and 
unacceptable linearity of calibration standards. 



Semi-volatile organics results for samples documented in Memorandum 59 (Appendix Q) 
were flagged as estimates (J or N) due to holding time violations. 

AU semi-volatile organics results less than detection limits were flagged as unusable (R) 
for sample SS-70 due to poor surrogate recovery. 

AU positive semi-volatUe organics results were flagged as estimates (J) and aU negative 
semi-volatile results were flagged as untisable (R) for sample SS-MW-5-S-1 because 
surrogate recoveiy of phenol was less than 10 percent Semi-volatile results for sample 
SS-21 were similiarly qualified because the surrogate recovery of nitrobenzene-d5 was less 
than 10 percent 

Positive results for pyrene were flagged as estimates (J) in samples documented in 
Memorandum S6 (Appendix Q) and negative pyrene results were flagged as unusable (R) 
in these samples. Matrix spike recoveries of pyrene associated with Memorandum S6 
samples were unacceptable. Positive results for pyrene in Memorandum S3 (Appendix 
Q) samples were also flagged as estimates (J) due to imacceptable matrix spike recovery.-

Sample matrix interferences resulted in intemal standard areas that did not meet quality 
control criteria. When diluted samples were re-injected and re-analyzed and the standard 
areas were stiU outside limits, compounds associated with these standards were flagged 
as estimates (J or N). Other samples associated with unacceptable intemal standard 
results were not re-analyzed and these samples were similarly qualified. 

22 SXmSURFACE SOIL OR SLAG 

We have determined that the laboratory data generated from Phase I and II analysis of 
soU samples are generally valid for the purposes of this ASARCO Tacoma Smelter 
Remedial Investigation and Feasibility study. A summary of Phase I and n soil results 
are presented in Volume II. Some of the data required qualification. Data 
qualifications are described in the following sections. 

22.1 INORGANICS (PHASE I) 

Mercury analysis of samples MW-4, S-2, and MW-6, S-3 were qualified as estimates. 

222 INORGANICS (PHASE II) 

Selenium spike recoveries were consistently below 75 percent. Sample results above the -
detection limit were flagged as estimated (J). Sample results below the deteaion Hmit 
were flagged as imusable (R). 

Correlation coefficients for nickel, selenium, and zinc analyses were less than 0T995. 
Sample results associated with these calibration curves were flagged as estimates (J). 
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2 2 3 ORGANICS (PHASE I) 

No data quaUfication was necessary. 

22.4 ORGANICS (PHASE II) 

Thirteen samples coUected during Phase 1 were submitted for semivolatUe organic 
analysis as part of Phase 2. Holding times for these samples was approximately one 
year. Results were flagged as estimated (J). 

Di-n-butylphthalate and bis(2-ethyUiexyl) phthalate had percent differences (percent D) 
between initial and continuing relative response factors greater than 25 percent in at 
least one of the continuing calibration standards. Results for these two compounds were 
flagged as estimated (J) when the percent D criteria was exceeded. 

TPH concentrations in laboratory blanks ranged from 30 to 33 mg/kg total petroleum 
hydrocarbons. Sample results below 5 times the detected TPH blank concentration were 
quaUfied as not detected (U). 

23 GROUNDWATER 

We have determined that the laboratory data generated from Phase I and n analysis of 
groundwater samples are valid for the purposes of the ASARCO Tacoma Remedial 
Investigation and FeasibiUty study. A summary of Phase I and II groundwater results are 
presented in Volume HI. Some of the data required qualification. Data quaUfiers are 
described in the foUowing sections. 

23.1 INORGANICS (PHASE I) 

Mercury analysis of sample MW-3A2 and arsenic analysis of sample MW-13 were 
qualified as estimates. 

232 INORGANICS (PHASE II) 

Calibration correlation coefficients were below 0.995 for lead and nickel. Corresponding 
samples were flagged as estimated (J). 

MW-IB (low tide) and MW-IB (high tide) selenium results were quaUfied as estimated 
(J) because they were below 5 times the selenium blank concentration. 

Total and dissolved lead in sample MW-2A were qualified as estimated (J) due to spike 
recoveries below 40 percent Dissolved lead in samples MW-2A (medium tide) and 
MW-3A2 (low tide) were also flagged as estimated due to low spike recoveries. Samples 
with absorbances less than 50 percent of the spike absorbance and spike recoveries that 
feU outside the 85 to 115 percent range were flagged as estimates (J). 



233 ORGANICS (PHASE I) 

Data for the undetected compound, 3-nitroaniline is unusable due to low average relative 
response factors. 

23.4 ORGANICS (PHASE II) 

VolatUe aromatic compotmds exceeded the 7 day holding time requirement VolatUe 
aromatic compound results were flagged as estimated (J) excluding sample B-16. 

Total Petrolemn Hydrocarbon (TPH) results in samples B-33 and B-34 were quaUfied as 
not detected (U) because they were below 5 times the detected TPH blank 
concentratioiL 

2.4 FILL LEACHING INORGANICS 

We have determined that the laboratoiy data generated from the analysis of soU and 
water sampled during the leachate testing study are valid for the purposes of the 
ASARCO Tacoma Smelter Remedial Investigation and Feasibility Study. Leachate 
testing results are summarized in Appendix L. Some of the data required qualification. 
Data qualifiers are described below. 

The required holding time for mercury (28 days) was exceeded for aU samples. Mercury 
results in water samples were flagged as estimates (J). 

Correlation coefficients for nickel (2 to 10 ppm) and zinc (20 to 100 ppm) analyses were 
less than 0.995. Water sample results associated with these calibration curves were 
flagged as estimates (J). 

Total and dissolved lead sample results with absorbances less than 50 percent of the 
spike absorbance and spike recoveries that fell outside the 85 to 115 percent range were 
flagged as estimates (J). 

2.5 SURFACE WATER 

Analytical results for surface water samples are valid for the purpose of the ASARCO 
Tacoma Smelter Remedial Investigation and FeasibUity Study. Surface water analyses 
included total suspended solids (TSS), total metals, dissolved metals, semi-volatUe 
organics, and PCBs. Three rounds of samples were collected during separate storm 
events. 

2.5.1 INORGANICS 

Mercury results for the two tunnel seep samples (Seep-A and Seep-B) were flagged as 
estimates (J or N) because the holding time requirement was exceeded. 



The dissolved lead result for sample SW-1, Round 1 was flagged as an estimate (J) 
because the associated continuing calibration verification (CCV) recovery exceeded 
control limits. The Round 3 initial calibration verification (ICV) recovery for antimony 
was less than the minimum aUowed by quality control Umits, thus all Round 3 antimony 
resiUts were flagged as estimates (J or N). 

Roimd 1 lead results for samples SW-1, SP-5, and SW-11 were flagged as estimates (J) 
because no blanks were tested with the graphite fumace analysis. SimUarly, no blanks 
were tested with the flame AA analysis of arsenic for Round 2, thus arsenic results for 
the foUowing Round 2 samples were flagged as estimates (J): 2056T, 2058T, 2059D, 
2059T, 2068T, 2076T, and 2079T. 

Round 2 dissolved copper and dissolved zinc results were flagged as estimates (J) where 
sample concentrations were less than five times the rinsate blank concentrations. 
Dissolved zinc and total zinc were detected in the Round 3 rinsate blank, thus Round 
3 zinc restUts were flagged as estimates (J) where sample concentrations were less than 
five times the blank concentrations. 

The laboratory flagged the fumace AA dissolved lead result for sample SW-1 from 
Round 1 with a "W" according to Contract Laboratory Program (CLP) protocol. The 
laboratory also flagged Round 3 dissolved lead results for samples SW-6 and SEEP 5 
with a "W"; and flagged the total lead and dissolved lead results for SW-llG in Round 
2 with an "E." The "W" and "E" qualifiers were changed to "J" to comply with Data 
VaUdation Guidelines. 

2.52 ORGANICS 

Two samples had intemal standard areas below the lower limit for perylene (SP-5 and 
SEC B) so compounds associated with perylene are flagged as estimates (J or N). 

2.6 SURFICLU. MARINE SEDIMENT 

Analytical results for surficial marine sediment samples are generally valid for the 
purposes of the ASARCO Tacoma Smelter Remedial Investigation and Feasibility Study. 
Phase I stirficial marine sediments were analyzed for total metals and semi-volatile 
organic compounds. Phase n jmalyses included total metals, EP Tox metals, semi-volatUe 
organics, and PCBs. 

2.6.1 INORGANICS (PHASE I) 

All flameless AA arsenic results were flagged as estimates (J) due to low correlation 
coefficients of calibration standards and low recoveries of ICV and CCV samples. Flame 
AA arsenic results were flagged as estimates (J) due to the lack of information regarding 
possible sample contamination and the effects of the sample matrix on the digestion and 
measurement methodology. 

10 



L: 

2.62 ORGANICS (PHASE II, TOTAL METALS) 

Mercury results for those samples with holding times greater than 28 days were flagged 
as estimates (J or N). Mercury results for samples T4-4, T3-6, T3-5, T3-4, T2-5, T2A-
5, T2-6, T2-60, and T4-1 combined were flagged as estimates (J) due to low matrix spike 
recovery. 

2.63 INORGANICS (PHASE II, TOXICFIY METALS) 

Mercury results for those samples with holding times greater than 28 days were flagged 
as estimates (J or N). 

2.6.4 ORGANICS (PHASE I) 

All analyses of semi-volatUe organics were within the control limit of 7 days except for 
MSO-3-3 which was re-extracted 20 days after sample collection. Therefore, all data for 
MSO-3-3 were flagged as estimates (J or N). 

Blank Contamination: Analysis of blanks associated with the following samples showed 
contamination that required data qualification action. 

• MSO-7-7: showed levels of diethylphthalate that were greater than in the blank 
but less than 5 times the blank concentration. Qualified as undetected (N). 

• MSO-14-3, MSO-14-2, MSO-15-2, MSO-15-3, MSO-12-2, and MSO-12-3 showed 
approximately the same levels of Di-n-butylphthalate and Bis-2-ethylhexylphthalate 
as the blank. Data for these compounds is qualified as unusable (R). 

Spike Recoveries: In general, the matrix spike/matrix spike duplicate results showed 
acceptable precision and accuracy of the methodology and procedures. The recovery of 
pyrene in the matrix spike and matrix spike duplicate samples associated with MSO-8-
2 was -347% and -18% respectively (i.e., essentially zero). Even though MS/MSD results 
are not typically used to quantify individual samples, in this case the trace amounts of 
pyrene (below the specified detection limits) found in the sample are qualified as 
detection limit estimates (N). 

Intemal Standard Areas: The foUowing standard area compounds did not meet QA 
Umits, requiring estimate qualifications (J or N) to the data for associated compounds in 
the samples Usted. 

• Chrysene-dl2: MSO-10-2. 

• Naphthalene-d4: MSO-3-1, MSO-4-0, MSO-9-3, and MSO-10-2. 

• Acenaphthene-dlO: MSO-3-1. 

• Phenanthrene-dlO: MSO-2-3, MSO-3-2, and MSO-4-0. 

11 



• l,4-Dichlorobenzene-d5: MSO-4-0, MSO-7-7, MSO-9-3, and MSO-10-2. 

2.6.5 ORGANICS (PHASE II) 

AU analyses of semi-volatile organics were within the control Umit of 7 days except for 
the foUowing samples, for which aU data were flagged as estimates (J or N). 

• T22-1, T22-2, and T4-4 were re-extracted 22 days after sample collection. 

• T3-5, T3-4, T2-5, and T3^ re-extracted 25 days after sample collectioiL 

• T2A-5, T2A-50, and T2-6 were warm when they were received at ASARCO 
Technical Service Center. This violated the protocol for holding the samples. 

The spUce recovery of arochlor 1242 was below the control limits for the following 
samples T3-2, T4-2, T4-20, T8-4, T6-3, and T6-1. As a result the PCB data will be 
flagged as estimates in these samples. 

2.7 MARINE SEDIMENT CORES 

Analytical results for marine sediment core samples are valid for the purposes of the 
ASARCO Tacoma Smelter Remedial Investigation and Feasibility Study. Core samples 
were analyzed for total metals, EP Tox metals, and semi-volatile organic compoimds. 

2.7.1 INORGANICS 

AU mercury results were flagged as estimates (J or N) because the holding time limit 
was exceeded. 

EP Tox arsenic results for samples lOA-01, T7-2-01, T7-2-12, T7-2-23, T7-2-34, T7-2-45, 
T13-23-01, T13-2.5-12, T13-2.5-23, and T13-2.5-34 were flagged as estimates (J) because 
the ICV recovery exceeded control limits. 

2.72 ORGANICS 

The holding times to extraction for semi-volatile organics analysis exceeded the control 
limit of seven days for all coring samples. Therefore, all the positive results are flagged 
as estimates (J) and all negative results as non-detected at the estimated detection limits 
(N). 

The surrogate recoveries were generally within control limits established in the CLP with 
the foUoAving exceptions: 

• 2-fluorobiphenyl and nitrobenzene were below recovery limits in sample lOA-12. 
Since two surrogates are out of limits the data for this sample are flagged as 
estimates or estimated detection Umits. 
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3. LABORATORY DATA VALIDATION 

3.1 SURFICIAL SOIL INORGANICS (PHASE I, TOTAL METALS) 

This section summarizes Quality Assurance of surficial soil inorganics data according to 
EPA Laboratory Data VaUdation Functional GuideUnes for Evaluating Inorganics 
Analyses (USEPA 1988). 

3.L1 ANALYTICAL METHODS 

SoU samples were analyzed for total metals according to EPA methods for flame 
atomic absorption spectraphotometry. Samples SS-67, SS-68, and SS-57 were analyzed 
for arsenic by hydride generation flameless AA because the absorbance results for 
these samples were below the range of standard absorbances for flame atomic 
absorption. 

3.12 SAMPLE HANDLING 

The laboratory reported that they received and discarded broken sample bottles 
labeled MW6-S-1 and MW9-S-1. The Sample Custody Report incorrectly states that 
these samples were not coUected. The bottles were broken in transit from Parametrix 
to the ASARCO laboratory and no analyses were performed on the samples. 

3.13 HOLDING TIMES 

The sample holding times for metals were a little more than three months, thus 
exceeding the 28-day requirement for mercuiy holding time. Mercury results may be 
biased low and were flagged as estimates (J or N). All surficial soil samples were 
analyzed within the six-month holding time limit for all other metals analyses. 

3.1.4 CALIBRATION 

Calibration Frequency: A blank and at least three standards were used to establish 
analytical curves on each day of analysis for each metal analyzed. The linearity of 
the analytical curves served as measures of initial calibration demonstrating that the 
instnunent was capable of producing acceptable quantitative data at the beginning of 
the analysis run. Continuing caUbration checks were generaUy performed once every 
10 samples and verified that the initial calibrations remained vaUd. 

Correlation Coefficients: EPA Functional Guidelines (EPA 1988) estabUshed a 
minimum correlation coefficient of 0.995 as a technical criterion to judge the 
acceptabiUty of standard curves for use in the quantitation of metals. The correlation 
coefficients for cadmimn (0.993) and lead (0.994) were less than the quaUty control 
Umit thus aU surficial soils results for these metals were flagged as.estimates (J or 
N). One of the standard curves for mercury analysis had a correlation coefficient of 
0.979 and mercuiy results derived from this curve were also flagged as estimates. 
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Initial and Continuing Calibration Verification: Spot checks of the caUbration percent 
recoveries verified that values re-calculated from raw data agreed with the values 
reported by the laboratory. Generally, aU initial and continuing caUbration recoveries 
were within the quaUty control limits of 90 to 110 percent of the tme value. Two 
continuing caUbration verification percent recoveries were 114.5 percent in the 
Febmary 11 analysis of antimony. Antimony results for samples SS-28, SS-40, SS-47, 
SS-48, SS-36, SS-6, and SS-3 may be biased high and were flagged as estimates (J). 

3.1J BLANKS 

Blank Frequency: Reagent blanks were generally tested at a frequency of at least 
one per twenty samples as specified in the ASARCO RI Program QA Plan 
(Parametrix 1986). Only three reagent blanks were analyzed with arsenic samples 
tested on Febmary 10 and no reagent blanks were analyzed with the arsenic analysis 
on Febmaiy 12. No field blanks were collected due to the matrix of the samples. 

Blank Contamination: All reagent blank metals results were reported as less than the 
detection limits. A review of the raw data confirmed that these results were 
accurately reported. 

3.1.6 LABORATORY CONTROL SAMPLES 

Nine laboratory control samples were analyzed for various metals as a monitor of the 
overaU performance of all steps in the analyses. One check sample was mn at the 
beginning and one or more check samples were mn at the end of each analysis for 
each metal. AU laboratory control sample results were within the certified ranges for 
those samples. A review of the raw data confirmed that these results were accurately 
reported. 

3.1.7 DUPLICATE SAMPLE ANALYSIS 

Duplicate Analysis Frequency: Laboratory duplicate analysis ft-equency met contract 
requirements of at least one per 20 samples. 

Relative Percent Differences (RPDsl: The RPDs between laboratory duplicates were 
aU less than the 20 percent quality control limit. A review of the raw data confirmed 
these results. 

3.1.8 MATRIX SPIKE SAMPLE ANALYSIS 

Spike Analysis Frequency: Matrix spike analysis ft-equency generaUy met the contract 
requirement of at least one per 20 samples for all metals tested. The laboratory 
reported that the spUce chosen was unsuitable for the range of sample values in the 
Febmary 10 arsenic analysis by flame atomic absorption, thus spike recovery results 
were not reported for this analysis. The absence of spike recovery information for 
arsenic analysis of these samples did not substantially affect sample data usefulness 
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because caUbration checks demonstrated the accuracy of the measurement 
methodology. 

Spike Recovery: All spike sample recoveries reported were within the ±.25 percent 
quaUty control limit indicating acceptable digestion and measurement of metals in the 
sample matrix. The laboratory reported that the spike was unsuitable for several 
sample analyses of arsenic, copper, lead, silver and zinc. A post digestion spike was 
analyzed for each sample having unsuitable spUces and all post digestion spike 
recoveries were within the ±.15 percent control limit These results were confirmed 
by checking the raw data and recalculating percent recoveries. 

3.1J> FURNACE ATOMIC ABSORPTION QC 

Fumace AA analyses were not performed on Phase I total metals surficial soU 
samples. 

3.1.10 SAMPLE RESULT VERIFICATION 

Photocopies of raw data forms were provided for the atomic absorption analysis of 
surficial soils samples. Results were also reported for standards that were used to 
plot standard curves of absorbances at known concentrations. When the absorbance 
reading for a sample was outside the range of absorbance values represented by the 
standard curve, the sample was mn again at reduced sensitivity and compared with 
a standard curve of higher analyte concentrations. Copies of the instmmentation logŝ  
and standard operating procedures were also included with the laboratory data 
package. An examination of the raw data did not detect any anomalies and verified 
that there were no transcription or data reduction errors. 

3.1.11 FIELD DUPLICATES/REPLICATES 

Duplicate Frequency: Four field duplicate samples were analyzed for total metals, 
thus meeting the requirement of one field duplicate per twenty samples. 

Relative Percent Differences: The relative percent differences (RPDs) between 
duplicate sample results were generally less than 25 percent indicating high overaU 
precision in sample coUection and analysis. The RPD between antimony results for 
samples SS-31A and SS-3 IB was 36 percent. Field duplicate results were not used 
to quality sample data. 
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32 SURHCIAL SOIL INORGANICS (PHASE I, EP TOXICITY METALS) 

This section summarizes (JuaUty Assurance of surficial soU Extraction Procedure Toxicity 
(EP Tox) metals data according to EPA Laboratory Data VaUdation Functional 
GuideUnes for Evaluating Inorganics Analyses (USEPA 1988). 

32.1 ANALYTICAL METHODS 

Surficial soU samples were and analyzed for arsenic, barium, cadmium, chromium, 
lead, mercury, selenium and sUver in accordance with EPA's Toxic Extraction 
Procedure (EPA Method 1310). Following acid extraction, samples were analyzed by 
flame atomic absorption spectraphotometry. Samples that registered .<5 ug/ml 
arsenic by flame atomic absorption were re-analyzed for arsenic by colorimetry. 

The laboratory analyst inadvertently performed an acid extraction analysis of copper 
and zinc, metals not included on the list of EP Tox metals. The laboratory amended 
the final EP Tox results to include copper and zinc data. 

322 SAMPLE HANDLING 

All samples were handled properly as specified in the project QA plan. 

3 2 3 HOLDING TIMES 

The sample holding times for EP Tox metals varied ft-om 48 days for mercury 
analysis of some samples to just over three months for the analysis of selenium and 
arsenic in other samples. TTie 28-day holding time limit for mercury was exceeded 
for aU EP Tox samples. Mercury results may be biased low and were flagged as 
estimates (J or N). All surficial soil samples were analyzed within the six-month 
holding time requirement that applies to all other metals analyzed. 

32.4 CALIBRATION 

Calibration Frequency: Generally, a blank and at least three standards were used to 
establish analytical curves on each day of analysis for each metal analyzed. The one 
exception was when a blank and only two standards were used to generate a standard 
curve for sUver. This departure from EPA guidelines was judged to have no affect 
on sample results because silver was not detected in any EP Tox sample analyzed. 
The linearity of standard curves served as measures of initial calibration 
demonstrating that the instmment was capable of producing acceptable quantitative 
data at the beginning of the analysis. Continuing calibration checks were generaUy 
performed once every 10 samples and verified that the initial caUbrations remained 
vaUd. 

Correlation Coefficients: EPA Functional Guidelines (USEPA 1988) established a 
minimum correlation coefficient of 0.995 as a technical criterion to judge the 
acceptabiUty of standard curves for use in the quantitation of metals. The correlation 
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coefficient for cadmium (0.983) was less than the quality control Umit thus aU 
cadmium results were flagged as estimates (J or N). 

Initial and Continuing Calibration Verification: A review of the caUbration percent 
recoveries verified that values re-calculated from raw data agreed with the values 
reported by the laboratory. All initial and continuing calibration recoveries were 
within the certified ranges for each calibration standard. 

32.5 BLANKS 

Blank Frequency: Reagent blanks were analyzed at a frequency of at least one per 
twenty samples as specified in the ASARCO RI Program QA Plan (Parametrix 1986). 
No field blanks were coUected due to the matrix of the samples. 

Blank Contamination: All reagent blank EP Tox metals results were reported as less 
than the detection limits. A review of the raw data confirmed that these results were 
accurately reported. 

32.6 LABORATORY CONTROL SAMPLES 

Four laboratory control samples (reference samples) were analyzed for various metals 
as a monitor of the overall performance of all steps in the analyses. One reference 
sample was mn at the beginning and again at the end of each metal analysis. AU 
laboratory control sample results were within the certified ranges for those samples. 
A review of the raw data confirmed that these results were accurately reported. 

32.7 DUPLICATE SAMPLE ANALYSIS 

Duplicate Analysis Frequency: Three laboratory duplicate samples were analyzed for 
68 samples for a duplicate frequency of one per 23 samples for each metal tested. 
These dupUcate fi-equencies did not meet the minimum of one duplicate per 20 
samples caUed for in the Program QA Plan (Parametrix 1986). The low dupUcate 
&"equency rates were judged to be minor departures from protocol and no action was 
taken to qualify results. 

Relative Percent Differences (RPDsl: The RPDs between laboratory duplicates were 
aU less than the 20 percent quaUty control limit. A review of the raw data confirmed 
these results. 

32.8 MATRIX SPIKE SAMPLE ANALYSIS 

Spike Analysis Frequency: Three spiked samples were analyzed for 68 samples for 
a spUce frequency of one per 23 samples for each metal tested. These spUce 
frequencies did not meet the minimum of one duplicate per 20 samples caUed for in 
the Program QA Plan (Parametrix 1986). The low spike frequency rates were judged 
to be minor departures from protocol and no action was taken to qualify results. 
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Spike Recovery: AU spike sample recoveries reported were within the ±.25 percent 
quaUty control Umit indicating acceptable digestion and measurement of metals in the 
sample matrix. These results were confirmed by reviewing raw data and re-calculating 
recoveries. 

32S FURNACE ATOMIC ABSORPTION QC 

Fumace AA analyses were not performed on Phase I EP Tox metals surficial soU 
samples. 

32.10 SAMPLE RESULT VERIHCATION 

Photocopies of raw data forms were provided for the atomic absorption analysis of 
surficial soils samples. Results were also reported for standards that were used to 
plot standard curves. Copies of the instmmentation logs and standard operating 
procediu-es (SOPs) were also included with the laboratory data package. An 
examination of the raw data did not detect any anomalies and verified that there 
were no transcription or data reduction errors. 

32.11 FIELD DUPLICATES/REPLICATES 

Duplicate Frequency: Four field duplicate samples were analyzed for total metals, 
thus meeting the requirement of one field duplicate per twenty samples. 

Relative Percent Differences: The relative percent differences (RPDs) between, 
dupUcate sample results were generally less than 25 percent indicating high overaU 
precision in sample collection, extraction and analysis. The RPDs between samples 
SS-63A and SS-63B were 90 percent for arsenic and 120 percent for barium. RPDs 
for arsenic and barium calculated for the other three duplicates were less than 25 
percent RPDs for mercury ranged from 30 to 89 percent for three duplicates and 
RPDs for lead were high for two duplicates. These results reflect the h i ^ variabiUty 
of some extractable metals in the marine sediments at the ASARCO Tacoma site. 
Field dupUcate results were not used to quality sample data. 

32.12 pH 

The laboratory measured the pH of each sample with an Orion Model 601A digital 
pH meter. One reference sample (WP 384-2) was analyzed daily and aU results were 
within 0.1 pH unit of the tme value. Three laboratory duplicate samples were tested 
and aU results were within 0.2 pH units of the duplicated sample indicating 
acceptable overaU precision in sample collection and an£dysis. 
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33 SURFICUL SOIL INORGANICS (PHASE II; TOTAL METALS, EP 
TOXICITY METALS, AND ARSENIC) 

This section simunarizes QuaUty Assurance of Phase II surficial soU inorganics laboratory 
data according to Laboratoiy Data Validation Functional Guidelines for Evaluating 
Inorganics Analyses (USEPA 1988). 

33.1 ANALYTICAL METHODS 

SoU samples were analyzed for total metals according to EPA methods for flame 
atomic absorption spectraphotometry. A number 10 ASTM testing sieve was used to 
remove coarse fragments >200 mm diameter before analyses and the percent coarse 
fragments by dry weight were calculated. Samples were analyzed for EP Tox metals 
in accordance with Toxic Extraction Procedure protocols (EPA Method 1310). 
Samples that registered .<.l ug/ml arsenic by flame atomic absorption were re^ 
analyzed for arsenic by colorimetry. 

332 SAMPLE HANDLING 

AU samples were handled properly as specified in the project QA plan. 

333 HOLDING TIMES 

The sample holding times between collection and mercury analyses were 49 to 50 
days for total mercury and 46 to 47 days for EP Tox mercury, thus exceeding the 28-
day holding time requirement All positive mercuiy results were flagged as estimates 
(J) and all negative mercury results were flagged as detection limit estimates (N). 
All other metals analyses were completed well within the six-month holding time 
limit. 

33.4 CALIBRATION 

Calibration Frequency: A blank and at least three standards were used to establish 
analytical curves on each day of analysis for each metal tested. A blank and at least 
four standards were used to estabUsh analytical curves for mercury analyses. 

Correlation Coeffidents: EPA Functional GuideUnes (USEPA 1988) established a 
minimum correlation coefficient of 0.995 as a technical criterion to judge the 
acceptabiUty of standard curves for use in the quantitation of metals. AU standard 
curve correlation coefficients met or exceeded the 0.995 minimum. 

Initial and Continuing Calibration Verifications: A review of the caUbration percent 
recoveries verified that values re-calculated from raw data agreed with the values 
reported by the laboratoiy. The initial caUbration verification (ICV) percent 
recoveries for both selenium analyses (113.5 percent) exceeded the 110 percent quality 
control limit in the EP Tox analysis. Positive EP Tox selenium results for samples 
SS2-01 and SS2-22 may be biased high and were flagged as estimates (J). The first 
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continuing caUbration verification sample tested for selenium had a recovery (87.5 
percent) less than the 90 percent minimum. Negative EP Tox selenium results for 
SS2-02 and SS2-15 may be biased low and were flagged as detection Umit estimates 
(N). 

3 3 J BLANKS 

Rl̂ nV Frffquffn^- Reagent blanks were analyzed at a frequency of at least one per 
twenty samples as specified in the program QA plan. The laboratory also analyzed 
an initial caUbration blank (ICB) at the beginning of each analysis batch and one 
continuing caUbration blank (CCB) every 10 samples. No field blanks were coUected 
due to the matrix of the samples. 

Blank Contamination: All blank results were reported as less than the detection 
Umits indicating laboratoiy containination did not significantly influence sample results. 
A review of the raw data confirmed that blank results were accurately reported. 

33.6 LABORATORY CONTROL SAMPLES 

Seven laboratory control samples (reference samples) were analyzed for various metals 
as a monitor of the overaU performance of all steps in the analyses. At least one 
reference sample was tested at the beginning and again at the end of each sample 
analysis. The percent recoveries of chromium in two analyses of the laboratory 
control sample NBS-2704 (Buffalo River Sediment) (76 percent) were less than the 
80 percent control limit in the total chromium analysis. 

The laboratoiy noted that the "soft digestion" procedure was not amenable to total 
extraction of chromium from this matrix. Recoveries of total chromium in the 
laboratory confrol sample MBS-1645 (River Sediment) were within control Umits as 
were matrix spUce recoveries for total chromium, thus no action was taken to qualify 
sample results. AU other laboratory control sample results were within the certified 
ranges for those samples. A review of the raw data confirmed that these results were 
accurately reported. 

33.7 DUPLICATE SAMPLE ANALYSIS 

Duplicate Analysis Frequency: Two laboratoiy duplicate samples were analyzed for 
total metals and EP Tox metals along with the 27 surficial soil samples. Two 
laboratory dupUcate samples were also mn with the 21 arsenic depth study samples. 
These dupUcate frequencies exceeded the minimum of one duplicate per 20 samples 
specified in the Program QA Plan (Parametrix 1986). 

Relative Percent Differences (RPDs^: The RPDs between laboratory duplicates were 
aU less than the 20 percent quaUty control limit. A review of the raw data confirmed 
these results. 
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33.8 MATRIX SPIKE SAMPLE ANALYSIS 

Spike Analysis Frequency: Two pre-digestion matrix spike samples were generaUy 
analyzed for total metals and EP Tox metals along with the 27 surficial soU samples. 
Two pre-digestion matrix spikes and one post-digestion matrix spike were analyzed 
along with the 21 arsenic depth study samples. During the EP Tox analysis of 
barium, the laboratory ran two post-digestion spikes, but no pre-digestion spikes. One 
post-digestion spike was run with the copper EP Tox analysis in addition to the pre-
digestion spikes. Sample concentrations of total copper, total arsenic, and total lead 
exceeded flie spike amount by more than a factor of four, thus the laboratoiy ran 
post-digestion spikes but didn't run pre-digestion spikes for these analyses. Two post-
digestion spikes were also mn for total antimony in addition to two pre-digestion 
spikes. These tests were judged to satisfy the matrix spike frequency requirements. 

Spike Recovery: The matrix spike recovery of total antimony was 45 percent for 
sample SS2-01 and 28.5 percent for SS2-21. These results indicate that total antimoiiy 
sample results may be biased low. All positive total antimony results were flagged 
as estimates (J) and negative total antimony results were flagged as detection Umit 
estimates (N). The matrix spike recovery of arsenic in sample SS2-05A (127.5 
percent) exceeded the 125 percent quality control limit thus all positive arsenic 
results from the depth study samples may be biased high and were flagged as 
estimates (J). 

33.9 FURNACE ATOMIC ABSORPTION QC 

Fumace AA analyses were not performed on any Phase II surficial soU samples. 

33.10 SAMPLE RESULT VERIFICATION 

Photocopies of aU raw data forms were provided for the total metals, EP Tox metals, 
and arsenic depth study Phase II soil samples. Results were also reported for 
standards that were used to plot standard quantitation curves. Copies of the 
instmmentation logs and standard operating procedures (SOPs) were also included 
with the laboratoiy data package. 

The total mercury result for sample SS2-17 was incortectly reported as 6.8 ppm. The 
laboratoiy sent a correction sheet with the correct result of 13.6 ppm. The laboratory 
also sent a correction sheet to change the total antimony result for SS2-09 from 13 
ppm to < 13 ppm. An examination of the raw data verified that there were no other 
transcription or data reduction errors. 

33.11 HELD DUPLICATES/REPLICATES 

Duplicate Frequency: Two field duplicate samples were analyzed for total metals and 
two field dupUcates were analyzed for EP Tox metals, thus meeting the QA plan 
objective of one field dupUcate per twenty samples. No field dupUcates were 
coUected during the arsenic depth study. 
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Relative Percent Differences (RPDsl: The RPDs between field dupUcate samples 
SS2-03 and SS2-26 were 99 percent for total copper, 121 percent for total inercury, 
453 percent for total zinc, and exceeded the CRQL for total antimony. The RPD 
between fiield duplicate samples SS2-15 and SS2-27 was 63.6 percent for total 
antimony. The low overall precision indicated by these high RPDs was probably due 
to the variabiUty of metals in the surficial soils at sites sampled because laboratoiy 
dupUcate RPDs were aU less than 20 percent The RPDs for the field duplicate EP 
Tox samples were aU less than 25 percent except for copper in samples SS2-03 and 
SS2-26 (92 percent). The high RPD for EP Tox copper may indicate a high degree 
of variabiUty in extractable copper in the surficial soils at the site. Field dupUcate 
results were not used to quaUty sample data. 
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3.4 SURFICIAL SOIL ORGANICS 

This section summarizes QuaUty Assurance of surficial soil organics data according to 
Laboratory Data Validation Functional Guidelines for Evaluating Inorganics Analyses 
(USEPA 1988, USEPA 1985). 

3.4.1 ANALYTICAL METHODS 

Moisture content was analyzed according to EPA Method 1603 and reported in 
percent PCBs were analyzed according to EPA Method 3540 and reported in mg/kg. 
Semi-volatUe organics on the Hazardous Substance List (HSL) were extracted and 
analyzed by GC/MS according to protocols established in USEPA Contract 
Laboratory Program (CLP) (USEPA 1988). Semi-volatile results were reported in 
mg/kg on both a dry-weight basis and as-received basis. 

3.42 HOLDING TIMES 

The holding times to extraction for PCB analyses of these samples ranged from eight 
to 20 days for surficial soils and 43 to 53 days for bore-soU samples. EPA Functional 
Guidelines (USEPA 1985) state that samples must be extracted within seven days for 
PCB and semi-volatile organics water samples. In the absence of statisticaUy 
determined holding times for soU matrix samples, the water matrix holding times were 
appUed to these soil samples. All PCB results were flagged as estimates (J or N). 
Holding times for the exfraction (seven days) and analysis (40 days) of semi-volatUe 
organics were within control Umits for all surficial soU samples. Bore-hole soU sample 
holding times from coUection to extraction were 36 to 46 days for semi-volatUe 
organics, thus aU data for these samples wiU be flagged as estimates (J or N). 

3.43 GC/MS TUNING 

Mass Calibration: Standard decafluorotriphenylphosphine (DFTPP) mass calibration 
was performed appropriately and reported on Form V. 

Ion Abundance: All ion abundance criteria were met for each mass calibration. The 
data presented on each Form V was compared with the corresponding mass listing. 
No transcription or calculation ertors were discovered and the appropriate number 
of sigmficant figures were reported. These results demonstrated that instrument 
tuning and performance met EPA criteria to ensure mass resolution and compound 
identification. 

Calibration Frequency: Mass calibration was performed within 12 hours of each 
sample analysis. The 12-hour GC/MS tuning frequency requirement was exceeded 
during the analysis of re-injected samples SS-MW4-S-1, SS-MW5-S-1, and the matrix 
spike sample. This was regarded as a minor departure from laboratoiy protocol and 
no action was taken to qualify results. 
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3.4.4 CALIBRATION 

Instmment Calibration: Results of the initial caUbration checks demonstrated that the 
GC/MS instrument was capable of producing acceptable quantitative data. Continuing 
caUbration checks performed on each day of sample analysis documented satisfactoiy 
maintenance and adjustment of instmments. 

Average Relative Response Factors: Average relative response factors (RRFs) were 
calculated for each semi-volatUe compound on the target compound list (TCL) using 
five caUbration points. AU system performance check compounds (SPCCs) had 
average RRFs greater than or equal to the 0.05 control Umit in all initial and 
continuing calibrations. The percent differences between average RRFs reported for 
initial and continuing calibrations were less than the 25 percent maximum for aU 
calibration check compounds (CCCs). These results were verified by re-calculating 
one or more average RRFs and percent differences for each initial and continuing 
caUbration. No ertors were detected. 

Relative Standard Deviations: Relative standard deviations (RSDs) of response 
factors were calculated for each semi-volatile compound on the TCL. All calibration 
check compound RSDs were less than or equal to the 30 percent control Umit. 
Recalculation of one or more RSDs for each initial calibration detected no errors and 
verified RSD values reported by the laboratory. 

Calibration for PCB Analysis: The laboratory submitted calibration tables that list 
the response factors for each peak generated from the initial injection of four 
standards. Calibration response factors were calculated by dividing the amount of 
standard injected by the chromatogram peak height CaUbration Unearity was 
checked by calculating the percent relative standard deviations (RSDs) of response 
factors for the four standards. RSDs ranged form 15 to nearly 50 percent. These 
results, along with holding time limit violations contributed to the decision to flag 
PCB results as estimates. 

3.4.5 BLANKS 

Laboratory Blanks: One method blank sample was analyzed for each set of extracted 
samples resulting in a frequency that exceeded the one-per-twenty-samples frequency 
caUed for in the project QA plan. No field blanks were analyzed because soU matrix 
blanks are not available. 

Blank Contamination: No target semi-volatile organic compounds or PCBs were 
detected in any method blanks indicating analytical procedures did not introduce 
significant contamination to any samples. Blank results were verified by inspecting 
chromatograms and quantitation reports. 

Blank Quantitation Limits: The compound quantitation Umits reported for method 
blank analyses were generally consistent with sample analyses and matched the 
Contract Required Quantitation Umits (CRQLs) listed in CLP. 
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3.4.6 SURROGATE RECOVERY 

BNA Surrogate Recovery: Laboratory performance on each semi-volatUe organics 
sample was estabUshed by spiking the sample with six surtogate compounds. 
Surtogate recoveries were generally within control limits established in the CLP. 

Sample SS-70 was dUuted by a factor of ten and re-analyzed foUowing low surrogate 
recoveries in the original analysis. Recoveries of five out of six surrogate compounds 
were below control limits in the re-analysis, including a surtogate recovery of less 
than ten percent for 2,4,6-tribromophenol. These results indicated that there may 
have been semi-volatile compounds present in the sample that were not detected, thus 
aU non-detect results for sample SS-70 were flagged as unusable (R). 

Surtogate recovery of terphenyl-dl4 in samples SS-69, SS-61, SS-19, and SS-20; and 
2,4,6-tribromophenol in sample SS-59 exceeded control Umits. AU other surtogate 
recoveries were within limits in these samples thus no action was taken to quaUfy 
results. 

Surtogate recovery of phenol was less than the lower control limit in sample SS-
MW5-S-1. Because the surtogate recovery was less than 10 percent all positive 
results for sample SS-MW5-S-1 were flagged as estimates (N) and all negative results 
were flagged as unacceptable (R). 

Surtogate recovery of nitrobenzene-d5 in sample SS-21 was reported as zero, thus aU' 
positive semi-volatile results were flagged as estimates (N) and negative results were. 
flagged as unusable (R) for this sample. 

PCB Surrogate Recovery: Laboratory performance on each PCB sample was 
established by spiking the sample with the surtogate compound oxychlordane. 
Recoveiy of oxychlordane was less than the control limit for samples SS-69, SS-56, 
SS-42, SS-36, and SS-37. PCBs were not detected in these samples, thus no action 
was taken to qualify results based on the surtogate recoveries. 

Method Blank SurtOgate Recovery: All semi-volatile surtOgate recoveries were within 
control limits for method blank analyses. SurtOgate recovery of oxychlordane was 
within control limits for all method blanks except Method Blank 314A. No action 
was taken to quaUfy PCB results based on the low surtOgate recovery. 

Calculations: Smrogate recovery results were verified by comparison with quantitation 
reports and no transcription or calculation ertors were detected. 

3.4.7 MATRIX SPIKES AND MATRIX SPIKE DUPLICATES 

Spike Recoveries: Matrix spike (MS) and matrix spike duplicate (MSD) recoveries 
were generaUy within established advisory Umits indicating acceptable long-term 
accuracy of the analytical method. MS and MSD recoveries of pyrene were below 
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zero for samples documented in Memorandum S6, thus positive pyrene results for 
these samples were flagged as estimates (N), and negative pyrene results were flagged 
as unusable (R). Matrix spike dupUcate recovery of pyrene exceeded the upper 
control limit for samples reviewed in Memorandum S3, thus positive results for these 
samples were flagged as estimates (N). 

No more than three of the eleven MS or MSD recoveries were out of control Umits 
for any batch of samples, and the spike compounds that did have high recoveries 
were not detected in associated samples. For these reasons, no further action was 
taken to qualify semi-volatUe data based on MS/MSD recoveries. The laboratory 
reported that MS/MSD results were not appUcable to Memorandum S2 samples due 
to sample dUutions necessitated by matrix effects. AU PCB (arochlor 1242 and 
arochlor 1260) MS and MSD recoveries were within the control limits of 80 to 100 
percent 

Relative Percent Differences (RPDsl: The relative percent differences between MS 
and MSD recoveries were generally within established advisory limits indicating 
acceptable long-term precision of the analytical method. One of eleven RPDs 
exceeded control limits for samples reviewed in Memoranda SI and S3. All RPDs 
for PCB MS/MSD recoveries were within the 10 percent control Umit for surficial 
soU samples. The RPDs between matrix spiked and matrix spiked duplicate samples 
exceeded the control Umits for arochlor 1242 and arochlor 1260 in bore-hole soil 
samples. No action was taken to qualify sample data based on these results. 

Calculations: MS/MSD results were verified by comparing them to quantitation 
reports and re-calculating percent recoveries and RPDs. No transcription or 
calculation ertors were detected. 

Matrix Spike Frequency: MS/MSD analyses were performed for each semi-volatUe 
organics extraction batch, thus exceeding the one-matrix-spike-per-twenty-samples 
frequency specified in the project QA plan. 

3.4.8 FIELD DUPLICATES/REPLICATES 

Duplicate Analyses: Field duplicate samples were collected and analyzed for an 
indication of overaU precision, including both field and laboratory precision. SoU 
samples typicaUy show greater variance than water samples due to difficulties 
associated with collecting identical samples. 

Relative Percent Differences: The RPDs between field duplicate analyses of moisture 
content, PCBs and semi-volatUe organics were generally less than 35 percent 
indicating high field and analytical predsion. However, the RPDs calculated for the 
analyses of samples SS-31A and SS-3 IB exceeded 35 percent for nine semi-volatile 
organic compounds. The high RPDs indicated low overall predsion, but no quality 
control Umits were applied to field duplicate results. These results may reflect the 
variabiUty of semi-volatUe organic compounds in the soils at this sampUng site. 
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Duplicate Frequency: Four field dupUcate samples were collected for 74 total 
surfidal soU samples, thus exceeding the one-duplicate-per-twenty-samples frequency 
specified in the project QA plan. 

3.4.9 INTERNAL STANDARDS PERFORMANCE 

Intemal Standard Areas: Sample matrix interference resulted in standard areas that 
did not meet quaUty control criteria indicating that GC/MS sensitivity and response 
was not stable during every run. In many cases the sample was dUuted, re-injected 
and re-analyzed resulting in acceptable intemal standard areas. When the re-analysis 
resulted in intemal standards that were stiU out of Umits, compounds assodated with 
these standards were flagged as estimates (J or N). Other samples were not re­
analyzed and assodated results were flagged as estimates. 

Intemal standard area data was improperly retrieved by the computer program for 
one of the standards in a few instances. The laboratoiy sent corterted fonns for 
these samples that demonstrated intemal standard areas were within control Umits. 
Internal standard areas were verified by comparing the Internal Standard Area 
Summary Forms to quantitation reports and no transcription ertors were detected. 

Retention Times: The retention times of internal standards did not vary more than 
30 seconds from the assodated calibration standard. 

3.4.10 TARGET COMPOUND IDENTIFICATION 

Relative Retention Times: Inspections of mass spectra confirmed that semi-volatUe 
target compound relative retention times (RRTS) were within 0.06 RRT units of their 
cortesponding standard RRTs. 

Mass Spectra Criteria: Comparisons of the presence and relative intensity of ion 
peaks between sample and standard spectra verified semi-volatile target compound 
identifications. 

PCB Identification: Comparisons of retention times and relative peak height ratios 
between sample and standard chromatograms qualitatively verified arochlor 
identifications. 

3.4.11 COMPOUND QUANTTTATION AND DETECTION LIMITS 

Compound Quantitation: Raw data was examined to verify the cortect calculation of 
aU sample results reported by the laboratory. Our review verified that the cortect 
intemal standards, quantitation ions, and response factors were used to quantitate 
each compound. Results were re-calculated and the only calculation or transcription 
ertor detected was in the result reported for fluoranthene in sample SS-57. The 
laboratory sent a cortected results sheet resolving the discrepancy. 

Detection Limits: Detection Umits were cortectly adjusted to reflect sample dUutions, 
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3.4.12 TENTATIVELY IDENTIFIED COMPOUNDS 

For each sample, the laboratory conducted a mass spectral search of the NBS Ubrary 
and reported the estimated quantities for the 15 largest semi-volatile peaks which 
were not smrogate, intemal standard, or TCL compounds, but which had areas 
greater than 10 percent of the area of the nearest intemal standard. Positive results 
for biphenyls, dibenzothiophene, dimethylaniUne, l-methyl(2-methyl ethyl)benzene, and 
methylphenanthrenes were reported in the final results and flagged by the laboratory 
as estimates. Other tentatively identified compounds (TICs) were not Usted as 
compounds of interest in the ASARCO RI Sampling and Analysis Plan and were not 
reported in the final results. 

AU contractuaUy required peaks were Ubrary searched and the tentative identifications 
were judged to be acceptable. No TICs of interest were detected in any of the 
method blanks. 

• \ 
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3.5 SUBSURFACE SOIL AND SLAG INORGANICS (PHASE I) 

This section presents an evaluation of the subsurface soil and slag inorganics data. 

3.5.1 ANALYTICAL METHODS 

Appropriateness of Testing: Because of limited sample volume, exfractable metals 
testing (EP Toxidty) was not performed. Other testing was performed in accordance 
with the Sampling and Analysis Plan. Most metals were analyzed using flame atomic 
absorption technique. Arsenic and selenium were analyzed using hydride generation 
technique. Mercury was analyzed using cold vapor atomic absorption technique. 
The specific methods used are listed in Table 1. 

Reporting of Data: The data were reported in an acceptable format. The 
appropriate units of measurement were used. 

3.52 SAMPLE HANDLING 

Sample Collection: Samples collection techniques are described in Volume I, 
Appendix B. Samples were collected in clean containers supplied by I-Chem 
Research Company, 

Sample Handling: Upon coUeaion of each sample, the sample number, date, time, 
and sampling personnel initials were recorded on the label of each container. 
Samples were stored in insulated coolers packed with "blue ice" and maintained in 
Hart Crowser's custody until samples were shipped to ASARCO SLC laboratoiy. 

3.53 HOLDING TIMES 

In general, samples were analyzed within the prescribed holding times. Mercury 
analyses were conducted beyond the suggested holding time of 28 days. Because this 
holding time is only specified for water samples, the data are judged acceptable and 
presented without qualification. 

3.5.4 CALIBRATION 

Instmment Calibration: Instruments were calibrated each lime a batch of samples 
was run. 

Continuing Calibration: In general, suffident continuing calibration checks were 
performed. Suffident checks were not performed for analysis of cadmium on Januaiy 
25, 1988 (12 samples run between checks), analysis of arsenic on Febmary 1, 1988 (12 
samples run between checks), and analysis of selenium on Febmary 4, 1988 (19 
samples mn between checks). Because appropriate blank, spUce, and dupUcate 
samples were generaUy analyzed at the conclusion of these mns, the results were 
judged to be acceptable. 
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Standard Calibration: The instmments were caUbrated with the correct number of 
standards. These were ASARCO SLC standards. 

Calibration Range: In general, the samples analyzed were within the caUbrated range 
of the instrument Mercury analyses performed on samples MW-4, S-2 and MW-6, S-
3 were outside the calibrated range. These results were qualified as estimates. 

Calibration Verification: In general, caUbration verifications were within the 
acceptable range (90 to 110 percent). CaUbration verification results were outside the 
acceptable range for analysis of chromium on Januaiy 25, 1988; arsenic on Febmary 
1, 1988; and selenium on Febmary 4, 1988. However, these results were within the 
ASARCO SLC acceptable range of 2 standard deviations. Therefore, the results were 
judged to be acceptable. 

3J.5 BLANKS 

Laboratory Blanks: Appropriate blank samples were analyzed. 

Blank Contaminants: No contamination of blanks was detected. 

Field Blanks: No field blanks were analyzed. 

3.5.6 LABORATORY CONTROL 

EPA control samples were analyzed routinely. Analysis of these samples was within 
acceptable control Umits (80 to 120 percent). 

3.5.7 DUPLICATE SAMPLES 

Duplicate Samples: The number of dupUcate samples analyzed was acceptable. The 
laboratoiy analyzed two duplicate samples for each parameter. 

Relative Percent Difference: The calculated RPDs were within acceptable control 
limits (20 percent). -

3.5.8 MATRIX SPIKE SAMPLE ANALYSIS 

Spiked Samples: The number of spiked samples analyzed was acceptable. The 
laboratory analyzed two spiked samples for each parameter tested except selenium for 
which one spike was analyzed. 

Spike Recovery: Spike recoveries were within the acceptable 75 to 125 percent 
range. 

3.5J9 INSTRUMENT QUALITY CONTROL 

Suffident instmment quality control analyses were performed. 
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3.5.10 SAMPLE RESULT VERIFICATION 

Detection Limits: The detection Umits achieved were acceptable. The sample results 
are attached. 

Completeness: For the purposes of the Interim Remedial Investigation Report and 
the Phase n Sampling Plans, the data are judged to be suffidentiy complete. 

Computational Accuracy: At least 10 percent of the data have been reviewed for 
computational accuracy. Computational accuracy was acceptable. No ertors were 
observed. 

3.5.11 HELD DUPLICATES/REPLICATES _ 

No field dupUcates were analyzed. 
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3.6 SUBSURFACE SOIL AND SLAG INORGANICS (PHASE II) 

This section presents an evaluation of the soil and slag inorganics data based on the 1 

EPA guidelines and EPA format 

3.6.1 ANALYTICAL METHODS 1 

Appropriateness of Testing: ASARCO SLC laboratory performed chemical analyses j 
as specified in the Sampling and Analysis Plan. ITie specific methods used are | 
presented in Table 1. 
Reporting of Data: Laboratoiy data were presented in a format simUar to that used 1 
for EPA Contract Laboratoiy Work. The data were reported in parts per million 
(ppm) for aU metals except mercury which was reported as parts per billion (ppb). , 

3.62 SAMPLE HANDLING ^ 

Sample Collection: Samples collection techniques are described in Volume I, j 
Appendix B. Samples were collected in clean containers supplied by I-Chem 
Research Company. 

Sample Handling: Upon collection of each sample, the sample number, date, time, > 
and sampling persoimel initials were recorded on the label of each container. 
Samples were stored in insulated coolers packed with "blue ice" and maintained in j 
Hart Crowser's custody untU samples were shipped to ASARCO SLC laboratory. J 

3.63 HOLDING TIMES j 

There are no established guidelines for soil holding times. EPA Data VaUdation 
Guidelines suggest using water holding time requirements established under 40 CFR ; 
136 (Qean Water Act) when evaluating sediment data. No guidance was given for i 
soU holding times. Due to the elevated levels and stable namre of metals in a non-
saturated soil matrix, we do not believe that holding times are critical to the validity , 
of metals data produced in this study. No soil results were qualified based on sample j 
holding times. In general, samples collected during Phase II were digested extracted ' 
and analyzed within the suggested holding times for water. Fourteen soU samples 
coUected during Phase I were analyzed for total and EP toxidty metals as part of ; 
Phase n. Holding times for these samples were approximately one year. 

3.6.4 CALIBRATION | 

Instmment Calibration: Atomic Absorption instmments were calibrated before each 
batch of samples were tested. j 

Continuing Calibration: Continuing calibration standards and blanks were typically 
run after every ten samples and at the end of each batch of samples. i 
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Standard Calibration: Atomic Absorption instmments were calibrated with a blank 
and at least three standards. A blank and four standards were used for mercury 
analyses. The results of sample analysis feU within the calibrated range of the 
instmment When sample results feU outside the calibrated range, the sample was, 
dUuted untU the result feU within range. 

Calibration Curve Cortelation Coeffidents: Cortelation coefficients were calculated _ 
for the caUbration standards. Cortelation coeffidents for nickel, selenium, and zinc 
analyses were less than 0.995. Sample results assodated with these calibration curves 
were flagged as estimates (J). Cortelation coeffidents could not be calculated for 
arsenic and mercuiy. 

Calibration Verification: The initial caUbration verification values all fell within the 
control Umits of 90 - 110 percent or within ± 2 standard deviations of the standard 
concenfration (ASARCO SLC criteria). Continuing calibration verification values 
were not calculated by the analytical laboratoiy. 

3.6.5 BLANKS 

Laboratory Blanks: In general, laboratoiy blanks for a particular analyte were 
analyzed before and after each batch of samples. 

Laboratory Blank Contaminants: No contamination of blanks was detected. Blank 
sample detection limits are Usted in the raw data. 

Field Blanks: No field blanks were analyzed as part of the soil quality study. 

3.6.6 LABORATORY CONTROL SAMPLES 

EPA soUd or liquid conti-ol samples and ASARCO "in-house" standards were analyzed 
several times per batch of samples. All aqueous laboratory control samples feU 
within acceptable control limits (80 to 120 percent). Solid control samples also fell 
within the acceptable control range. 

3.6.7 DUPLICATE SAMPLE ANALYSIS 

Duplicate Samples: A total of seven duplicate samples were analyzed for EP toxidty 
metals and six duplicates were analyzed for total metals. Samples chosen for 
dupUcate analysis covered a wide range of total metal concentrations and included 
both slag and soU samples. Most of the samples chosen for EP toxidty dupUcate 
analysis did not contain detectable metal concentrations. 

Relative Percent Difference (RPD^: The calculated RPDs for total and EP toxidty 
metals analysis were within acceptable control limits for soils (35 percent) or had 
sample values less than 5 times the contract required detection limit 
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3.6.8 MATRIX SPIKE SAMPLE ANALYSIS 

Spiked Samples: One spiked digest blank and one spiked sample were typicaUy J 
analyzed for each parameter tested. 

"1 
Spike Recovery: Spike recoveries were all within the acceptable 75 to 125 percent J 
range except for selenium. Selenium spike recoveries were consistently below 75 
percent and were flagged with an "N" by the analytical laboratory. Post digestion > 
spike recoveries for selenium were within the acceptable control limits. AU selenium | 
results above the detection Umit were qualified as estimated (J). Results below the 
detection limit were flagged as unusable (R). ' ^ 

I 
3.6.9 FURNACE ATOMIC ABSORPTION 

Lead Analysis: AU lead analyses for soil and slag samples were performed on a 
flame AA. No graphite fumace analyses were performed. 

3.6.10 SAMPLE RESULT VERIFICATION j 

No anomaUes or ertors were observed in the raw data. All results appear to be 

within the calibrated range of the atomic absorption instmment. I 

3.6.11 HELD DUPLICATES/REPLICATES 

No field dupUcates or replicates were analyzed as part of the soU quality study. I 
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3.7 SUBSURFACE SOIL AND SLAG ORGANICS DATA (PHASE I) 

) This section presents an evaluation of the subsurface soil and slag organics data. 

( 3.7.1 ANALYTICAL METHODS 

In general, appropriate testing was performed on the samples submitted. The 
( Sampling and Analysis Plan included provision for analysis of several non-priority 
! poUutant extractable organic compoimds. These compounds included biphenyl, 

dibenzothiophene, dimethylaniline, methylphenanthrenes, methylpyrenes, and retene. 
( Since standards for these compounds were not analyzed, their detection would depend 
i on the mass spectrum Ubrary searches conducted as part of the work. 

3.72 HOLDING "nMES 
. ( 

I . 

i In general, samples were extracted and analyzed within the specified holding times. 
In two cases (samples MW-6, S-3 and MW-9, C-1), extractions were performed up to 

! 4 days after holding times had expired. No qualification of the data was judged 
necessary. 

1 3.73 GC/MS TUNING 

L 
Mass Calibration: Standard DFTPP mass calibration was appropriately performed. 

,1 Ion Abundance: The specified ion abundance criteria were met 

j Clalibration Frequency: In general, mass calibration was performed at the specified 
I 12 hour frequency. In some cases, analysis was performed more than 12 hours after 

mass calibration was performed. Because initial and continuing calibration data for 
, these samples are acceptable, no qualification was necessary. 

3.7.4 CALIBRATION 

Average Relative Response Factors: The average relative response factors (SEE) 
were cortectiy calculated for initial calibrations. The RRF for 3-nitroamline was 
below the required 0.05 in aU analyses. These data are therefore qualified as 
unusable. 

Relative Standard Deviations: The relative standard deviations (percent RSD) were 
cortectiy calculated for initial calibrations. The RSD was above the 30 percent 
guideline for 4-chloroanaIine, 2,4-dinitrophenol, and 4,6-dinitro-2-methylphenol. No 
qualification of the data was necessary. 

Relative RespoiLse Factors: The relative response factors (RRF) were cortectiy 
calculated for continuing caUbratiotL 
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Percent Differences: The percent differences (percent D) were cortectiy calculated 
for continuing caUbrations. Large percent differences were observed for 33-
dichlorobenzi-dine, 4,6-dinitro-2-methylphenol, 4-nitroan-aline, 4-chloroanaline, 2,4,5-
trichlorophenol, and 4-nitrophenol. 

3.7.5 BLANKS 

Laboratory Blanks: The appropriate number of laboratory blanks were prepared and 
analyzed. One blank sample was analyzed for each set of digested samples. 

Blank Contaminants: No target compounds were detected in the blank samples, 

3.7.6 SURROGATE RECOVERY 

ABN Surrogate Control: Surtogate recoveries were within acceptable control Umits. 

3.7.7 MATRIX SPIKES AND MATRIX SPIKE DUPLICATES 

Clalcularions: Matrix spikes (MS) and matrix spike duplicates (MSD) calculations 
were performed correctly. 

Spike Recoveries: In general, spike recoveries were acceptable. Specific recoveries 
are listed in the data. 

3.7.8 FIELD DUPLICATES/REPLICATES 

No field dupUcates or replicates were analyzed as part of Phase I scope of work. 

3.13 INTERNAL STANDARDS PERFORMANCE 

Retention Times: The retention times for the intemal standards were acceptable. 

3.7.10 TARGET COMPOUND IDENTIFICATION 

No significant target compound detection was made. Therefore, the criteria 
assodated with target compound identification were not applicable. 

3.7.11 COMPOUND QUANTTTATION AND DETECTION LIMITS 

Quantitation: Because no significant target compounds were detected, the criteria 
assodated with quantitation were not applicable. 

Detection Limî :̂ The detection limits obtained were judged to be acceptable for the 
purposes of the Interim Remedial Investigation Preliminary Report and the Phase II 
Sampling Plans. 
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3.7.12 TENTATIVELY IDENTIFIED COMPOUNDS 

! Library Searches: The required Ubrary searches were conducted. 

( Blank Assodarion: The tentatively identified compounds (TIC) detected were not 
{ assodated with blanks. 

t._ 

37 



Mass Calibration: Standard DFTPP and BFB mass calibration was performed 
appropriately. 

Ion Abundance: The specified ion abundance criteria was met. 

Calibration Frequency: Mass caUTjration was performed within 12 hours of analysis. 

3.8 SUBSURFACE SOIL AND SLAG ORGANICS (PHASE II) 
• • ] 

This section presents an evaluation of the soU and slag organics data based on the EPA 
guidelines and EPA format 

" I 
3A1 ANALYTICAL METHODS i 

Appropriateness of Testing: ASARCO SLC laboratory performed chemical analyses j 
as specified in the Sampling and Analysis Plan, liie specific methods used are j 
presented in Table 1. 

Reporting of Data: Laboratory data were presented in a format similar to that used j 
for EPA Contract Laboratoiy Work. The data were reported in milligrams per 
kUogram (mg/kg) for aU organic analytes. ^ 

Sample Collection: Samples collection techniques are described in Volume I, 
Appendix B. Samples were collected in clean containers supplied by I-Chem ^ 
Research Company. ) 

Sample Handling: Upon collection of each sample, the sample number, date, time, 
and sampUng persoimel initials were recorded on the label of each container. j 
Samples were stored in insulated coolers packed with "blue ice" and maintained in ' 
Hart Crowser's custody until samples were shipped to ASARCO SLC laboratory. 

1 

3.82 HOLDING TIMES 1 

There are no estabUshed guidelines for soil holding times. EPA Data Validation i 
Guidelines suggest using water holding time requirements estabUshed under 40 CFR \ 
136 (Qean Water Act) when evaluating sediment data. No guidance was given for 
soU holding times. Samples coUected for semivolatile organic analysis were generally ) 
extracted within 14 days of sample collection. However, 13 samples collected during \ 
Phase 1 were submitted for semivolatUe organic analysis as part of Phase 2. Holding 
times for these samples was approximately one year. Results were flagged as , 
estimated (J). Volatile aromatic compounds were typically analyzed between 7 and | 
14 days after sample collection. 

3.83 GC/MS TUNING I 

38 



3.8.4 CALIBRATION 

Average Relative Respoase Factors: The average relative response factors (RRF^ 
were cortectiy calculated for initial calibrations. All RRF values were above the 
0.05 requirement „ 

Relative Standard Deviations: The relative standard deviations (RSD) were cortectiy 
calculated for initial caUbrations. Benzoic add, 2-4 dinitrophenol, and 3,3 dichloro­
benzene exceeded the 30 percent RSD requirement in at least one of the initial 

caUbration standards. None of these compounds were detected in soU and slag 
samples assodated with the initial calibration standards. Therefore, these compounds 
were not qualified. 

Continuing Calibration: Approximately ten compounds had percent differences 
between initial and continuing RRF greater than 25 percent in at least one of the 
continuing calibration standards. Only di-n-butyl- phthalate and bis(2-
ethylhexyl)phthalate were detected in soU or slag samples. Results for these two 
compounds were flagged as estimated (J) when the percent D criteria was exceeded. 

3.8.5 BLANKS 

Laboratory Blanks: The appropriate number of laboratory blanks were analyzed. 
One blank sample was analyzed for each set of extracted or purged samples. 

Laboratory Blank Contaminants: No target compounds were detected in any of the 
laboratory blanks. TPH concentrations in laboratory blanks ranged from 30 to 33 
mg/kg total petroleum hydrocarbons. The detection limit for TPH was 10 to 20. 
mg/kg. Sample results below 5 times the detected TPH blank concentration were' 
quaUfied as not detected (U). 

Field Blanks: No field blanks were analyzed as part of the soil and slag study. 

3.8.6 SURROGATE RECOVERY 

ABN SurtOgate Control: Surtogate compounds were generally within the specified 
range. No samples had more than one surtogate outside of the spedfied range. 

VOA SurtOgate Control: AU surtogate compounds were withm the specified range. 

3.8.7 MATRIX SPIKES AND MATRIX SPIKE DUPLICATES 

Calculations: Matrix spikes (MS) and matrix spike duplicates (MSD) calculations 
were performed cortectiy. 

Spike Recoveries: Spike recoveries were generally within advisory Umits. One MS 
spike for pentachlorophenol feU just outside of the advisory limits. Sample values 
were not qualified based on MS recoveries. 
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Spike Duplicates: Relative percent differences for MSD were acceptable. 

3.8.8 FIELD DUPLICATES/REPLICATES 

Duplicate Samples: No duplicate or replicate samples were analyzed for organic 
compounds. 

3A9 INTERNAL STANDARDS PERFORMANCE 

Intemal Standard Area: Intemal standard areas did not vary by more than a factor 
of two from the assodated calibration standard. Several samples had to be 
reanalyzed in order to meet the intemal standard area criteria. 

Retention Times: The retention times for the intemal standards were acceptable. 

3.8.10 TARGET COMPOUND IDENTIFICATION 

Very few target compounds were detected. Retention times and mass spectra were 
examined. No ertors were detected. 

3.8.11 COMPOUND QUANTITATION AND DETECTION LIMITS 

No anomaUes or ertors were observed in the raw data. 

3.8.12 TENTATIVELY IDENTIFIED COMPOUNDS 

Tentatively identified compounds were not reported by the analytical laboratoiy. 
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3.9 GROUNDWATER INORGANICS (PHASE I) 

L This section presents an evaluation of the groundwater inorganics data based on the EPA 
guidelines and EPA format 

! 3i>.l ANALYTICAL METHODS 

f Appropriateness of Testing: The laboratories conducted chemical analyses as 
( specified in Sampling and Analysis Plan. Most metals were analyzed using flame 

atomic absorption. Lead was analyzed using flame atomic absorption or graphite 
^ furnace technique and selenium was analyzed using hydride generation technique. 
j The specific methods used are listed in Table 1. 

Reporting of Data: Laboratory data were presented in a format similar to that used 
j for EPA contract laboratory work. The data were reported in the appropriate units 

of measurement 

! 3J92 SAMPLE HANDLING 

Sample CoUection: Samples collection techniques are described in Volume I, 
( Appendix B. Samples were collected in clean containers supplied by I-Chem 
^ Research Company. _: 

j Sample Handling: Upon collection of each sample, the sample number, date, time, 
( and sampUng personnel initials were recorded on the label of each container. 

Samples were stored in insulated coolers packed with "blue ice" and maintained in 
Hart Crowser's ciistody until samples were shipped to ASARCO SLC laboratory. 

3.93 HOLDING "HMES 

I In general, samples were analyzed within the prescribed holding times. One sample 
(MW-3A2) was analyzed for mercury 33 days after collection (5 days beyond holding 

( time). This datum was qualified as an estimate. 

3SA CALIBRATION 

( Instmment Calibration: Instmments were calibrated before each batch of samples 
was tested. 

Continuing Clalibration: In general, sufficient continuing caUbration checks were 
performed at the appropriate intervals. Suffident continuing caUbration checks were 
not performed for mercury analysis on November 17, 1987. In this instance, 12 

I samples were mn without continuing calibration. Because the mn was concluded with 
t analysis of appropriate blank, spike, and duplicate samples, the analyses are judged 

to be acceptable. 
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Standard Calibration: Instmments were calibrated with the correct number of 
standards (3 concentrations per analysis run). EPA standard materials were used in 
accordance with the EPA guidelines. 

CaUbration Range: The results of sample analysis fell within the caUbrated range of 
the instmment The caUbration ranges varied from mn to mn. Specific information 
regarding ranges can be found in the raw data. 

Calibration Verification: In general, caUbration verification feU within acceptable 
limits (90 to 110 percent). CaUbration verification results were outside the acceptable 
range for analysis of barium on January 12, 1987; mercury on November 17, 1987; 
and selenium on January 19, 1988. Because the calibration verifications reported are 
within 2 standard deviations of the standard concentration (ASARCO SLC criteria), 
the results are judged to be acceptable. These ranges are listed in the attached data 
packet 

3.9J BLANKS 

Laboratory Blanks: One blank sample per parameter per analysis mn was analyzed. 
Because the number of samples per mn varied, the frequency of blank analysis is not 
uniform. 

Blank Contaminants: No contamination of blanks was detected. Blank sample 
detection limits are listed in the raw data. 

Field Blanks: Analysis of field blanks (waters used for sampling equipment 
decontamination and driUing) indicated the presence of copper, cadmium, arsenic, and 
zinc at relatively low concentrations. At the concenfrations detected, their presence 
is judged to be insignificant. 

3J9.6 LABORATORY CONTROL 

EPA Uquid control samples were analyzed routinely. Analysis of these samples was 
within acceptable control limits (80 to 120 percent). 

3J9.7 DUPLICATE SAMPLES 

Duplicate Samples: The number of duplicate samples analyzed is acceptable. The 
laboratoiy analyzed two duplicate samples for each parameter. The frequency of 
dupUcate sample analysis varied. 

Relative Percent Difference: In general, the calculated relative percent differences 
(RPD) were within acceptable control limits. One duplicate analysis for arsenic 
performed on January 20, 1988 (MW-13) was outside the acceptable range with -28.6 
RPD (acceptable range for this sample was ±20 percent). This result was qualified 
as an estimate. 
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3.9.8 MATRIX SPIKE SAMPLE ANALYSIS 

Spiked Samples: Suffident spiked sample analysis was performed. The laboratory 
analyzed two spiked samples for each parameter tested. 

Spike Recovery: Spike recoveries were within the acceptable range of 75 to 125 
percent 

3J9S INSTRUMENT QUALITY CONTROL 

Instmment Quality Control Analysis: Suffident instrument quaUty control analyses 
were performed. 

Graphite Fumace Quality Control: Lead was analyzed using graphite furnace ^ 
technique. Sufficient and acceptable quaUty control analyses were performed., 

3.9.10 SAMPLE RESULT VERIFICATION 

Detection Limits: The detection limits achieved were judged to be adequate for 
project requirements. The sample results are attached. 

^ Completeness: For the purposes of the Interim Remedial Investigation Preliminary 
Report and the Phase II sampling, the data were judged to be complete. 

1 . -
I Computational Accuracy: More than 10 percent of the data have been reviewed for 

computational accuracy. Computational accuracy was acceptable. No ertors were 
! observed. 

3.9.11 FIELD DUPLICATES/REPLICATES 

No field dupUcates were analyzed. 

43 



3.10 GROUNDWATER INORGANICS (PHASE II) 

This section presents an evaluation of the groundwater inorganics data based on the EPA 
guidelines and EPA format 

3.10.1 ANALYTICAL METHODS 

Appropriateness of Testing: ASARCO SLC laboratory performed chemical analyses 
as specified in the SampUng and Analysis Plan. The specific methods used are 
presented in Table 1. 

Reporting of Data: Laboratory data were presented in a format similar to that used 
for EPA Contract Laboratory Work. The data were reported in parts per bUUon 
(ppb) for aU metals except magnesium which was reported as parts per milUon (ppm). 

3.102 SAMPLE HANDLING 

Sample Collection: Samples collection techniques are described in Volume I, 
Appendix B. Samples were collected in clean containers supplied by I-Chem 
Research Company. 

Sample Handling: Upon coUection of each sample, the sample number, preservative, 
date, time, and sampling persormel initials were recorded on the label of each 
container. Samples were stored in insulated coolers packed with "blue ice" and 
maintained in Hart Crowser's custody untU samples were shipped to ASARCO SLC 
laboratory. 

3.103 HOLDING TIMES 

Sample holding times met holding time requirements established under 40 CFR 136 
(Clean Water Act) for metals and mercury analyses. All samples requiring 
preservation were preserved at the time of sample collection. 

3.10.4 CALIBRATION 

Instmment Calibration: Atomic Absorption instmments were calibrated before each 
batch of samples were tested. 

Continuing Calibration: Continuing calibration standards and blanks were typicaUy 
nm after every ten samples and at the end of batch of samples. 

Standard Calibration: Atomic Absorption instmments were calibrated with a blank 
and at least three standards. A blank and four standards were used for mercury 
analyses. The results of sample analysis fell within the calibrated range of the 
instrument When sample results feU outside the calibrated range, the sample was 
dUuted untU the result feU within range. 
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Calibration Curve Cortelation Coeffidents: Cortelation coefficients were calculated 
j for the calibration standards, Cortelation coeffidents for nickel (0.992) and lead 
' (0.994) were less than 0.995, Samples assodated with these calibration curves were 

flagged as estimates. Cortelation coeffidents could not be calculated for arsenic and 
I selenium. 
I 

Calibration Verification: The initial calibration verification values feU within the 
confrol limits of 90 - 110 percent or within ± 2 standard deviations of the standard 
concenfration (ASARCO SLC criteria). Continuing caUbration verification values 
were not calculated by the analytical laboratoiy. 

3.10.5 BLANKS 

Laboratory Blanks: In general, laboratory blanks for a particular analyte were 
analyzed before and after each batch of samples. 

Laboratory Blank Contaminants: Selenium was detected in blank number 3 at a 
concentration of 5 ppb. The detection limit for selenium was 5 ppb. Sample results 
for MW IB (low tide) and MW IB (high tide) were qualified as estimated (J) 
because they were below 5 times the selenium blank concentration. No other metals 
were detected in the blank samples. Blank sample detertion limits are listed in the 
raw data. ^ 

Field Blanks: Two deionized water field blanks were analyzed for metals as part of. 
the groundwater quaUty study. Arsenic, copper, sUver, zinc, and iron were deterted 
at concentrations ranging from 8 to 75 ppb in Blank B-7. Copper (8 ppb) and iron 
(50 ppb) were deterted in Blank B-8. Metal concentrations in the field blanks may 
be due to several fartors including contaminated deionized water, addition of metals 
from preservatives or sampling containers, and laboratory contamination. Laboratory 
containination does not appear to be a problem due to the lack of detectable metals 
in the method blank samples. Copper and iron concentrations may be positively 
biased. Because of the possibility that the deionized water blanks actually contained 
copper and iron before sample handling, we do not believe that sample results should 
be qualified as not deterted based on field blank results. 

3.10.6 LABORATORY CONTROL SAMPLES 

EPA Uquid control samples and ASARCO "in-house" standards were analyzed several 
times per batch of samples. All aqueous laboratory control samples fell within 
acceptable confrol limits (80 to 120 percent). 

3.10.7 DUPLICATE SAMPLE ANALYSIS 

Duplicate Samples: A total of five sets of duplicate samples were analyzed for total 
or dissolved metals. Samples chosen for duplicate analysis covered a wide range of 
metal concentrations. 
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Relative Percent Difference (RPDI: The calculated RPDs for total and dissolved 
metals analysis were within acceptable control limits for groundwaters (20 percent) 
or had sample values less than 5 times the contrart required detection limit. 

3.10.8 MATRIX SPIKE SAMPLE ANALYSIS 

Spiked Samples: Five matrix spike samples were analyzed for total or dissolved 
metals. The samples chosen matrix spike analysis covered a wide range of metal 
concenfrations. 

Spike Recovery: Spike recoveries for metals analyzed on the flame AA were aU 
within the 75 to 125 percent control limit range. Lead was also analyzed using the 
graphite fumace technique. Graphite fumace spike recoveries are discussed below. 

3.10J> FURNACE ATOMIC ABSORPTION QC 

Lead analysis: Samples which had initial lead concentrations less than approximately 
25 ppb were analyzed using a graphite fumace. Total and dissolved lead in sample 
MW-2A were qualified as estimated (J) due to spike recoveries less than 40 percent. 
Dissolved lead in samples MW-2A (medium tide) and MW-3A2 (low tide) were also 
flagged as estimated due to low spike recoveries. In addition, ASARCO SLC 
laboratory flagged various lead results as "W for samples with absorbances less than 
50 percent of the past digestion spike absorbance and spike recoveries that fell 
outside the 85 to 115 percent range. These samples were qualified as estimates (J). 

3.10.10 SAMPLE RESULT VERIFICATION 

No anomaUes or ertors were observed in the raw data. All results appear to be 
within the caUbrated range of the atomic absorption instmment. 

3.10.11 HELD DUPLICATES/REPLICATES 

Two field repUcates were analyzed as part of the groundwater quaUty study. 
DupUcate samples were coUerted from MW-6 (D-6) and MW-9 (D-9). RPDs ranged 
from 0.8 to 154 percent. Several analytes were not deterted and could not be 
evaluated for RPDs. 
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3.11 GROUNDWATER ORGANICS (PHASE I) 

This section presents an evaluation of the groundwater organics data. 

3.11.1 ANALYTICAL METHODS 

In general, appropriate testing was performed on the samples submitted. The 
SampUng and Analysis Plan included provision for analysis of several non-priority 
pollutant exfrartable organic compounds. These compounds included biphenyl, 
dibenzothiophene, dimethylaniline, methylphenanthrenes, methylpyrenes, and retene. 
Since standards for these compounds were not analyzed, their detection would depend 
on the mass spectrum Ubrary searches condurted as part of the work. The spedfic 
methods used are listed in Table 1. 

I 3.112 HOLDING TIMES 
i 

In general, samples were extrarted and analyzed within the spedfied holding times. 
I In one case (sample MW-8), re-extrartions were performed after holding times~had 
' expired. 

. 3.113 GC/MS TUNING 

Mass Calibration: Standard DFTPP and BFB mass calibration was performed 
I appropriately. 

Ion Abundance: The specified ion abundance criteria were met. 

Calibration Frequency: In general, mass calibration was performed within 12 hours 
of analysis. In one case (sample QAW3), analysis was performed approximately 30 

i hours after mass calibration was performed. 
I 

3.11.4 CALIBRA-nON 

j Average Relative Response Fartors: The average relative response factors (RRF) 
were cortertly calculated for initial caUbrations. The RRF for 3-nitroaniline was 
below the required 0.05 in all analyses. These data are therefore qualified as 

i unusable. 
L. 

j^, Relative Standard Deviations: The relative standard deviations (percent RSD) were 
I cortectiy calculated for initial caUbrations. The compound 2,4-dinitrophenol had high 
• percent RSD. 

Relative Response Fartors: The relative response fartors (RRF) were cortectiy 
calculated for continuing caUbration. 
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Percent Differences: The percent differences (percent D) were correctiy calculated 
for continuing calibrations. High percent differences were observed for 3-iutroaniline, 
4-nitroaniline, 4-chloroanaUne, and 4-nitrophenol. These compounds are not of 
spedfic interest at the site. 

3.11.5 BLANKS 

Laboratory Blanks: The appropriate number of laboratory blanks were analyzed. 
One blank sample was analyzed for each set of extrarted samples. 

Blank Contaminants: No target compounds were deterted in the blank samples. 

3.11.6 SURROGATE RECOVERY 

ABN SurtOgate Control: Two surtogates were outside the specified range for three 
samples. Two of these samples were reanalyzed with acceptable recovery. The third 
sample (MW-2B) was reanalyzed and low recoveries were observed again indicating 
a significant matrix effert. These data are not qualified. 

VOA SurtOgate Control: All surtogate compounds were within the specified range. 

3.1L7 MATRIX SPIKES AND MATRIX SPIKE DUPLICATES 

Calculations: Matrix spUces (MS) and matrix spike duplicates (MSD) calculations 
were performed corrertly. 

Spike Recoveries: In general, spike recoveries were acceptable. Spedfic recoveries 
are listed in the data. 

3.11.8 HELD DUPLICATES/REPLICATES 

No replicates were analyzed as part of Phase I scope of work. 

3.11.9 INTERNAL STANDARDS PERFORMANCE 

The retention times for the intemal standards were acceptable. 

3.1L10 TARGET COMPOUND IDENTIFICATION 

No significant target compound detection was made. Therefore, the criteria 
assodated with target compound identification were not appUcable. 
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3.11.11 COMPOUND QUANTITATION AND DETECTION LIMITS 

Quantitation: Because no significant target compounds were detected, the criteria 
assodated with quantitation were not applicable. 

Detertion Limits: The detertion Umits obtained were judged to be acceptable for the 
purposes of the Interim Remedial Investigation Report and the Phase n Sampling . 
Plans. 

3.11.12 TENTATIVELY IDENTIHED COMPOUNDS 

Library Searches: The required Ubrary searches were condurted. 

Blank Assodation: The tentatively identified compounds (TIC) deterted were not 
assodated with blanks. 
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3.12 GROUNDWATER ORGANICS (PHASE II) 

This section presents an evaluation of the groundwater organics data based on the EPA 
guidelines and EPA format 

3.12.1 ANALYTICAL METHODS 

Appropriateness of Testing: ASARCO SLC laboratory performed chemical analyses 
as specified m the Sampling and Analysis Plan. The specific methods used are 
presented in Volume 1, Table B. 

Reporting of Data: Laboratory data were presented in a format similar to that used 
for EPA Contrart Laboratory Work. The data were reported in micrograms per Uter 
(ug/1) for aU organic analytes except total organic carbon (TOC) and total petroleum 
hydrocarbons (TPH) which were reported as milUgrams per Uter (mg/l). 

Sample Collection: Samples collertion techniques are described in Volume I, 
Appendix B. Samples were coUected in clean containers supplied by I-Chem 
Research Company. 

Sample Handling: Upon collection of each sample, the sample number, preservative, 
date, time, and sampling personnel initials were recorded on the label of each 
container. Samples were stored in insulated coolers packed with "blue ice" and 
maintained in Hart Crowser's custody until samples were shipped to ASARCO SLC 
laboratory. 

3.122 HOLDING TIMES 

Sample holding times met holding time requirements established under 40 CFR 136 
(Qean Water Art) for semivolatile organic analyses. Volatile aromatic compounds 
were analyzed between 7 and 14 days after sample collertion exceeding the 7 day 
holding time requirement for all samples excluding B-16. Volatile aromatic 
compounds are flagged as estimated (J). 

3.123 GC/MS TUNING 

Mass Calibration: Standard DFTPP and BFB mass calibration was performed 
appropriately. 

Ion Abundance: The spedfied ion abundance criteria was met. 

Calibration Frequency: Mass caUbration was performed within 12 hours of analysis. 
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3.12.4 CALIBRATION 

Average Relative Response Fartors: The average relative response fartors (RRF) 
were cortectiy calculated for initial calibrations. AU RRF values were above the 0.05 
reqiurement 

Relative Standard Deviations: The relative standard deviations (%RSD) were 
cortectiy calculated for initial caUbrations. The folloAving compounds exceeded the 
30 percent %RSD requirement in at least one of the initial calibration standards: 
diethylphthalate, fluorene, chrysene, di-n-butylphthalate, benzidine, and 
dibenz(a,h)anthracene. None of these compounds were deterted in groundwater 
samples assodated with the initial calibration standards. Therefore, these compounds 
were not qualified. 

Continuing Calibration: No continuing calibration standards were performed. 

3.12.5 BLANKS 

Laboratory Blanks: The appropriate number of laboratory blanks were analyzed. 
One blank sample was analyzed for each set of extracted or purged samples. 

Laboratory Blank Contaminants: Less than 10 ug/1 of dichlorobenzene and 
methylene chloride were detected in the blank associated with QA-1 and QA-2. 
These compounds were not deterted in the samples. No target compounds were 
deterted in any of the other laboratoiy blanks. The laboratory blank for TPH 
analysis contained 026 mg/l total petroleum hydrocarbons. The detertion limit for 
TPH was 0.2 mg/l. TPH results in samples B-33 and B-34 were qualified as not 
deterted (U) because they were below 5 times the deterted TPH blank concentration. 

Field Blanks: One deionized water field blank (B-7) was analyzed for total 
petroleum hydrocarbons, volatUe organic compounds, and semivolatile organic 
compounds. Chloroform was deterted at a concentration of 31 ug/1. Chloroform was 
not deterted in any of the groundwater samples. TPH concentration of 0.4 mg/l was 
deterted in the field blank. TPH values in B-33, B-34, and B-37 were flagged as not 
deterted (U). 

3.12.6 SURROGATE RECOVERY 

ABN SurtOgate Control: All surtogate compounds were within the specified range. 

VOA SurtOgate Control: All smrogate compounds were within the spedfied range. 

3.12.7 MATRIX SPIKES AND MATRIX SPIKE DUPLICATES 

(̂ Calculations: Matrix spUces (MS) and matrix spike dupUcates (MSD) calculations 
were performed cortectiy. 
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Spike Recoveries: Spike recoveries were within advisory limits. 

Spike Duplicates: In general, relative percent differences for MSD were acceptable. 
One MS sample had two Relative Percent Differences (RPD) just outside the 
advisory Umits. Sample values were not quaUfied based on MS recoveries. 

3.12.8 HELD DUPLICATES/REPLICATES 

No dupUcate or repUcate samples were analyzed for organic compounds. 

3.12.9 INTERNAL STANDARDS PERFORMANCE 

Intemal Standard Areq: Intemal standard areas did not vary by more than a fartor 
of two from the assodated calibration standard. 

Retention Times: The retention times for the intemal standards were acceptable. 

3.12.10 TARGET COMPOUND IDENTIFICATION 

Very few target compounds were detected. Dimethylaniline identification in 
groundwater was reexamined for thoroughness. Sample retention times and mass 
spectra agreed with the assodated standard. 

3.12.11 COMPOUND QUANTITATION AND DETECTION LIMITS 

Quantitation: No anomalies or errors were observed in the raw data. 

3.12.12 TENTATIVELY IDENTIFIED COMPOUNDS 

Tentatively identified compounds were not reported by the analytical laboratory. 
Upon request the lab did report TIC compounds associated with dimethyl- aniline. 
This TIC data could not be thoroughly evaluated. 
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3.13 HLL LEACHING INORGANICS 

This section presents an evaluation of the soil and water inorganics data based on the 
EPA guideUnes and EPA format 

3.13.1 ANALYTICAL METHODS 

Appropriateness of Testing: ASARCO SLC laboratory performed chemical analyses' 
as specified in the Sampling and Analysis Plan. Tlie specific methods used .are 
presented in Table 1. 

Reporting of Data: Laboratory data were presented in a format simUar to that used 
for EPA Contrart Laboratory Work. The data were reported in parts per miUion 
(ppm) for aU metals in soils except mercury which was reported as parts per biUion 
^pb). Water metals results were reported in ppb except magnesium which was 
reported in ppm, 

3.132 SAMPLING HANDLING 

Sample Collection: Sample collection techniques are described in Voliune 1," 
Appendix B. Samples were collerted in clean containers supplied by I-Chem 
Research Company. -

Sample Handling: Upon collertion of each sample, the sample number, date, time^ 
and sampling personnel initials were recorded on the label of each container. 
Samples were stored in insulated coolers packed with "blue ice" and maintained in 
Hart Crowser's custody untU samples were shipped to ASARCO SLC laboratory, 

3.133 HOLDING TIMES 

There are no estabUshed guidelines for soil holding times. EPA Data VaUdation 
Guidelines suggest using water holding time requirements established under 40 CFR 
136 (Clean Water Art) when evaluating sediment data. No guidance was given for 
soU holding times. Due to the elevated levels and stable nature of metals in a non-
saturated soil matrix, we do not believe that holding times are critical to the vaUdity 
of metals data produced in this study. No soil results were qualified based on sample 
holding times. In general, leachate testing soil samples were extracted and analyzed 
within the suggested holding times for water. 

Water samples were analyzed within holding times established under 40 CFR~136 
except for mercury. The requfred holding time for mercury (28 days) was exceeded 
for aU samples. Mercuiy results in water samples were flagged as estimated (J). 
Samples requiring preservation were preserved at the time of sample coUection. 
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3.13.4 CALIBRATION 

Tnstmment Calibration: Atomic absorption instmments were before each batch of 
samples were tested. 

Continuing (Calibration: Continuing calibration standards and blanks were typically 
run after every ten samples and at the end of each batch of samples. 

Standard Calibration: Atomic absorption instmments were caUbrated with a blank 
and at least three standards. A blank and four standards were used for mercury 
analyses. The results of sample analysis fell within the caUbrated range of the 
instrument When sample results fell outside the calibrated range, the sample was 
dUuted untU the result feU within range. 

Calibration Curve Cortelation Coefficients: Cortelation coeffidents were calculated 
for the calibration standards. Cortelation coefficients for nickel (2 to 10 ppm) and 
zinc (20 to 100 ppm) analyses were less than 0.995. Water sample results associated 
with these calibration curves were flagged as estimates (J). Cortelation coeffidents 
could not be calculated for arsenic and selenium in water and mercury in soils. 

Calibration Verification: The initial calibration verification values all fell within the 
control limits of 90-110 percent or within ±2 standard deviations of the standard 
concentration (ASARCO SLC criteria). Continuing calibration verification values 
were not calculated by the analytical laboratory. 

3.13.5 BLANKS 

Laboratory Blanks: In general, laboratory blanks for a particular analyte were 
analyzed before and after each batch of samples. 

Laboratory Blank Contaminants: No contamination of blanks was detected. Blank 
sample detertion Umits are listed in the raw data. 

Field Blanks: No field blanks were analyzed as part of the leachate testing smdy. 

3.13.6 LABORATORY CONTROL SAMPLES 

EPA soUd or Uquid control samples and ASARCO "in-house" standards were analyzed 
several times per batch of samples. All aqueous laboratory control samples fell 
within acceptable control Umits (80 to 120 percent). Solid control samples also feel 
within the acceptable control range. 

3.13.7 DUPLICATE SAMPLE ANALYSIS 

Duplicate Samples: Samples chosen for duplicate analysis covered a wide range of 
metal concentrations. 
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Relative Percent Differences (RPD1: The calculated RPDs for total and EP toxidty 
metals analysis were within acceptable control limits for soils (35 percent) or had 
sample values less than 5 times the contrart required detertion limit RPDs in for 
dissolved metal analysis were within acceptable control limits for water (20 percent), 

3.13.8 MATRIX SPIKE SAMPLE ANALYSIS 

SpUced Samples: One spUced digest blank and one spiked sample were typicaUy 
analyzed for each parameter tested. 

Spike Recovery: Spike recoveries for metals analyzed on the flame AA were aU 
within the acceptable 75 to 125 percent range. 

3.13.9 FURNACE ATOMIC ABSORPTION QC 

Lead Analysis: Samples which had initial lead concentrations less than approximately 
25 ppb were analyzed using a graphite fumace. AU recoveries were above 40 
percent However, ASARCO SLC laboratory flagged various lead results as "V/" for 
samples with absorbances less than 50 percent of the post-digestion spike absorbance 
and spike recoveries that fell outside the 85 to 115 percent range. These samples 
were qualified as estimates (J). 

3.13.10 SAMPLE RESULT VERIFICATION 

No anomalies or ertors were observed in the raw data. All results appear to Ise 
within the calibrated range of the atomic absorption instmment 

3.13.11 FIELD DUPLICATES/REPLICATES 

No field dupUcates or replicates were analyzed as part of the leachate testing study. 
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3.14 SURFACE WATER INORGANICS 

This section summarizes QuaUty Assurance of surface water inorganics data according to 
USEPA Laboratory Data VaUdation Funrtional GuideUnes (USEPA 1988). 

3.14.1 ANALYTICAL METHODS 

Surface water samples were tested for total suspended solids (TSS) by the modified 
residue non-filterable gravimetric method (EPA Method 1602) at 103 to 105°C. The 
modifications noted by the laboratory were the use of 47 mm diameter 0.45 fim 
ceUulose nitrate filters, MUUpore filtering apparatus, and a 10 minute drying time in 
the oven. 

Samples were analyzed for total and dissolved metals by flame atomic absorption 
spectrophotometry. The majority of samples were analyzed for load by graphite 
fumace atomic absorption spertraphotometry because the absorbance results were 
below the range of standard absorbances for flame AA. Similarly, samples that 
registered .<. 1 ppm arsenic by flame AA were re-analyzed for arsenic by colorimetry. 

Surface water samples analyzed included grab samples from seeps and secondary 
outfalls, and surface water samples composited by flow on the day after the storm 
event 

3.142 SAMPLE HANDLING 

The laboratory reported tiiat the Round 3 TSS results for SW-1 and SW-2 were "lost 
in analysis", thus there are no TSS results for these two samples. 

3.143 HOLDING TIMES 

Total suspended solids were analyzed within one week following sample collertion. 
Generally, metals analyses were completed well within the six-month holding time 
Umit and mercury was analyzed within the 28-day limit. Mercury results for the two 
tunnel seep samples (Seep-A and Seep-B) were flagged as estimates (J or N) because 
the holding time requirement was exceeded. 

3.14.4 CALIBRA-nON 

Calibration Frequency: A blank and at least three standards were used to establish 
analytical curves on each day of analysis for each metal analyzed. The linearity of 
the analytical curves served as measures of initial calibration demonstrating that the 
instrument was capable of produdng acceptable quantitative data at the begirming of 
the analysis run. Continuing calibration checks were generally performed once every 
10 samples and verified that the initial calibrations remained vaUd. 
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Correlation Coeffidents: EPA Funrtion GuideUnes (USEPA 1988) established a 
minimum cortelation coefficient of 0.995 as a technical criterion to judge the 
acceptabUity of standard curves for use in the quantitation of metals. Percent 
transmittance values for standards were logarithmically transformed. AU standard 
curve cortelation coeffidents exceeded the 0.995 minimum. 

Initial and Continuing Calibration Verification: Generally, initial and continuing 
caUbration recoveries were within the quaUty confrol limits of 90 to 110 percent of 
the tme value. The recovery of dissolved lead (116 percent) exceeded the llO 
percent control limit for the continuing calibration verification of reference sample 
WP386 in the Round 1 graphite fumace analysis. This mdicated the positive 
dissolved lead result for sample SW-1 may be biased high and provides further 
evidence for qualifying it as estimated (J). The initial calibration verification recoveiy 
of antimony in the laboratory control sample ERA 9916 (88 percent) was outside the 
±10 percent control Umits in Round 3. All Round 3 positive antimony results were 
flagged as estimates (J) and negative antimony results were flagged as detection limit 
estimates (N). Spot checks of the calibration recoveries verified that values 
recalculated from raw data matched the results reported by the laboratory.^-^^ 

3.14.5 BLANKS 

Blank Frequency: Reagent blanks were generally tested at a frequency of at least 
one per twenty samples (five percent) as specified in the ASARCO RI Program QA 
Plan (Parametrix, 1986). In Round 1, no blanks were tested with the graphite 
fumace analysis of lead, thus the positive dissolved lead results for samples SW-1, SP-
5, and SW-11 were flagged as estimates (J). The frequency of blank analyses during 
Round 2 was oiUy four percent for mercury, cadmium, copper, and zinc; and only two 
percent for antimony. No blanks were tested with the flame AA analysis of arsenic, 
thus the arsenic results quantitated for the following samples will be flagged as 
estimates (J): 2056T, 2058T, 2059D, 2059T, 2068T, 2076T, and 2079T. One rinsate 
blank was coUerted in the field during each round of surface water sampling. 

Blank Contamination: Metals were not deterted in any surface water method blanks 
indicating significant contamination was not introduced to samples in the laboratory. 
Dissolved copper and dissolved zinc were deterted in the rinsate blank collerted 
during Round 2, but total copper and total zinc were not deterted. Round 2 
dissolved copper and dissolved zinc results were flagged as estimates (J) where sample 
concentrations were less than five times the blank concentrations. Dissolved zinc and 
total zinc were deterted in the Round 3 rinsate blank, thus Round 3 zinc results were 
flagged as estimates (J) where sample concentrations were less' than five times the 
blank concenfrations. A review of the raw data confirmed these results. 

Contamination of rinsate blanks probably occurted during sample filtration by the 
field CTew prior to sample shipment. The samples were filtered in the metallurgy 
laboratoiy at the ASARCO Tacoma smelter where sample waters may have been 
exposed to dust containing metals. 
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Blank Quantitation Limits: The compound quantitation Umits reported for method 
blank analyses were generally consistent with sample analyses and matched the 
Contrart Requfred Quantitation Umits (CRQLs) Usted in tiie CLP (USEPA 1987). 

3.14.6 LABORATORY CONTROL SAMPLES 

Laboratory control samples were generaUy tested at the beginning and end of each 
metal analysis as a monitor of the overaU performance in all steps of the analyses. 
AU laboratory control sample percent recoveries were within the ±20 percent quaUty 
confrol limits except those noted under Initial CaUbration Verification. A review of 
the. raw data confirmed that these results were accurately reported. 

3.14.7 DUPLICATE SAMPLE ANALYSIS 

Duplicate Analysis Frequency: Laboratoiy duplicate analysis frequency met or 
exceeded the contrart reqmrements of at least one per 20 samples. 

Relative Percent Differences (RPDs): The RPDs between laboratory duplicates were 
aU less than the 20 percent quality control limit indicating acceptable analytical 
predsion. A review of the raw data verified these results. 

3.14.8 MATRIX SPIKE SAMPLE ANALYSIS 

Spike Analysis Frequency: Matrix spike analysis frequency met or surpassed the 
contrart reqiurement of one per 20 samples for aU metals tested. 

Spike Recovery: All spUce sample recoveries were within the ±25 percent quality 
control limits indicating acceptable digestion and measurement of metals in the 
sample matrix. These results were confirmed by checking the raw data and 
recalculating percent recoveries. 

3.14.9 FURNACE ATOMIC ABSORPTION QC 

DupUcate injertions and fumace post-digestion spikes were analyzed to establish the 
precision and accuracy of the individual lead sample results. A review of the raw 
data verified that duplicate injertions agreed within ±.20 percent relative standard 
deviation (RSD) for sample concentrations exceeding the CRQL (5 ppb). The raw 
data inspection also verified that the Furnace Atomic Absorption Scheme was 
foUowed and post-digestion spike recoveries were generally within ±15 percent. The 
laboratoiy flagged the fumace AA dissolved lead result for sample SW-1 from Round 
1 with a "W" according to CLP protocol because the spike recovery exceeded 115 
percent The laboratory also flagged Round 3 dissolved lead results for samples SW-
6 and SEEP 5 with a "W" because spike recoveries were outside control limits. The 
total lead and dissolved lead results for Round 2 sample SW-llG were quaUfied with 
an "E" according to CLP protocol. The "W" and "E" qualifiers appUed by the 
laboratory were changed to T qualifiers to comply with Data Validation GuideUnes. 
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3.14.10 SAMPLE RESULT VERIFICA-nON 

Copies of raw data forms were provided by the laboratory for the atomic absorption 
analysis of surface water samples. Results were also reported for standards that were 
used to plot standard curves of absorbance (or transnuttance) at known 
concenfrations. When the absorbance reading for a sample was outside the range of 
absorbance values represented by the standard curve, the sample was run again at 
reduced sensitivity and compared with a standard curve of higher concenfration. ~ 
Copies of the instrumentation logs and standard operating procedures were also 
included with the laboratoiy data packages. An examination of the raw data did not 
detert any anomalies and verified that there were no transcription or data reduction 
ertors. 

3.14.11 FIELD DUPLICATES/REPLICATES 

Duplicate Frequency: One field duplicate sample was coUerted during each round 
of 21 surface water samples, thus approximating the five percent duplicate frequency 
requfrement 

Relative Percent Differences: The relative percent differences (RPDs) between field 
duplicate sample results were generally within ±20 percent indicating high overaU 
precision in sample coUection and analysis. Total lead and total cadmium had high 
field dupUcate IU*Ds for Round 1 and dissolved arsenic, total arsenic, and total zinc~ 
RPDs were high for Round 2, These results probably reflert the variabiUty 
introduced by sample compositing. Field duplicate results were not used to qualify 
sample data. 
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3.15 SURFACE WATER ORGANICS 

This section summarizes QuaUty Assurance of surface water organics data according to 
EPA Laboratoiy Data VaUdation Functional Guidelines for Evaluating Organics Analyses 
(USEPA 1988, USEPA 1985). 

3.15.1 ANALYTICAL METHODS 

Semi-volatiles: compounds on the Hazardous Substance List (HSL) were exfrarted 
and analyzed by GC/MS according to protocols established in USEPA Contract 
Laboratory Program (May 1984, revised July 1985) (CLP). 

PCBs: were analyzed according to EPA Method 3540 and reported in mg/kg (EPA 
WW 846 2nd ed. 1984). 

3.152 HOLDING TIMES 

Holding time requirements used for these data validations are those established for 
water matrices under 40 CFR 136 (Qean Water Art). 1) extrartion within seven 
days. 2) analysis within 40 days. All holding times for analyses of semi-volatile 
organics were within control limits except for the following: 

• Round 1 

- 2 Deg A: had to be re-extrarted because the first analysis did not pass 
laboratoiy QA/QC requfrements. This re-extrartion was 11 days past the 
sample coUection date exceeding the 7 day sample holding time limit. 

- SW-70: was re-extrarted because the surtogates were forgotten in the first mn. 
This re-extrartion occurred 18 days after the sampling date also exceeding the 
7 day sample holding time limit 

- Sample preparation for PCB analysis took place 11 days after sampling for all 
samples in Round 1. This exceeded the 7 day holding time, 

• Round 2 

- SW-5, SW-6, SW-10, SW-11, and SW-70 were extrarted (for semi-volatUe 
organics and PCBS) 8 days after sampling exceeding the 7 day holding time 
limit 

- Sample preparation for PCB analysis took place 8 days after sampUng for aU 
samples in Round 2. This exceeded the 7 day holding time. 

The appropriate data wiU be flagged as either estimates or estimated detection limits 
for the above mentioned samples. 
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3.153 GC/MS TUNING 

I Mass Calibration: Standard decafluorotriphenylphosphine (DFTPP) mass calibrations 
were appropriately performed and reported on Form V, 

Ion Abundance: Each mass caUbration satisfied the ion abundance criteria. The data 
presented on each Form V compared with the cortesponding mass Ustings. We found 
no transcription or calculation ertors and the reported numbers contain the 
appropriate number of significant figures. These results demonstrated that instrument 
tuning and performance met EPA criteria to ensure mass resolution and compound 
identification. 

f " 
' Calibration Frequency: Performance of the mass caUbrations occurted within 

12 hours for aU samples analyzed as required. 

I 3.15.4 CALIBRATION 

( Instmment Calibration: Results of the initial calibration checks demonstrated that the-
! GC/MS instmment was capable of produdng acceptable quantitative data. 

Continuing calibration checks performed on each day of sample analysis documented 
r _ satisfartoiy maintenance and adjustment of the instmments. 

Average Relative Response Fartors: Average relative response fartors (RRF) were 
calculated for each semi-volatUe compound on the target compound list (TCL) using 

I five calibration points. All system performance check compounds (SPCC) had 
average RRFs greater than or equal to the 0.05 control limit in aU initial and contin­
uing caUbrations. The percent differences between average RRFs reported for the 

j continuing caUbrations were less than 25% for all calibration check compounds 
(CCC). 

These results were verified by re-calculating the response fartors (RF) for one or 
• more of the (CCC) five point calibrations. Calculations of the average RF, RRF 

were verified for each of the SPCCs and CCCs. No ertors were detected. 
j 
* Relative Standard Deviations: Relative standard deviations (RSD) of response fartors 

were calculated for each semi-volatile compound on the TCL. All caUbration check 
( compound RSDs were less than or equal to the 30% control limit Recalculation of 
' the RSDs for the SPCC and CCC compounds in the mitial calibrations detected no 

ertors. 
/ • • 

( CaUbration for PCB Analysis: The laboratoiy submitted calibration tables that list 
the response fartors for each peak generated from the initial injection of four 

{ standards. Calibration response fartors were calculated by dividing the amount of 
1 standard injerted by the chromatogram peak height. CaUbration Unearity was checked 

by calculating the percent relative standard deviations (RSDs) of response fartors for 
the four standards. RSDs ranged from 15 to nearly 60 percent These results along 
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with holding time limit violations contributed to the dedsion to flag PCB results as 
estimates. 

3.15.5 BLANKS 

Laboratory Blanks: One method blank was analyzed for each round of samples. 
This met or exceeded the frequency of one-per-twenty-samples required by the projert 
QA plan. One field blank (SW-70) was also analyzed for each set of samples to 
satisfy the projert QA plan stipulations. 

Blank Contamination: Blank results were verified by inspecting chromato^ams and 
quantitation reports. None of the compounds in the Target Compound Ust (TCL) 
or PCBs were found in the blanks. However, three tentatively identified compounds 
(TIC) were deterted in the Round 1 blank as well as in most of the samples from 
both rounds. Of these TIC compounds, 1,13-Tetradecadiene was deterted in every 
sample for both sample rounds whUe Dichloromethane was deterted in all but one 
sample in Round 1 (SW-6) but not in any Round 2 samples. Tetrahydrofiiran was 
deterted in the last 14 samples analyzed in Round 1 (including the method blank) but 
not in any Round 2 samples. Since none of the TCL compounds were found in the 
blank, no qualification artion is deemed necessary. 

Blank Quantitation Limits: The compound quantitation limits reported for method 
blank analyses was consistent with sample analyses and matched the Contract 
Required Quantitation Umits (CRQLs) listed m CLP. 

3.15.6 SURROGATE RECOVERY 

BNA Surrogate Recovery: Laboratory performance on each semi-volatUe organics 
sample was established by spiking the sample with six surtogate compounds. The 
surtogate recoveries were generally within control limits established in the CLP. The 
one exception was when surtogates were not included in the first analysis of SW-70 
(Round 1). In the second mn, nitrobenzene and 2-fluorobiphenyl were below the 
QA Umits but on the third mn all recoveries were acceptable. 

PCB Surrogate Recovery: Laboratory performance on each PCB sample was 
established by spiking the sample with the surtogate compound oxychlordane. 
Recovery of oxychlordane was within the control limit for each sample in rounds 1 
and 2. 

J 

Method Blank Surrogate Recovery: AU semi-volatile and PCB surrogate recovenes | 
were within control Umits for method blank analyses. 3 

Calculations: Surtogate recovery results were verified by comparison with quantitation - | 
reports and no transcription or calculation ertors were deterted. j 
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3.15.7 MATRIX SPIKES AND MATRIX SPIKE DUPLICATES 

Calculations: MS/MSD results were verified by comparing them to quantitatioii 
reports and re-calculating percent recoveries and RPDs. No transcription or 
calculation ertors were deterted. 

Matrix Spike Frequency: MS/MSD analyses were performed for each semi-volatUe 
organics extraction batch, thus meeting the one-matrix-spike-per-twenty-samples 
frequency spedfied in the projert QA plan. 

Spike Recoveries: matrix spike (MS) and matrix spike duplicate (MSD) recoveries 
were within estabUshed advisory limits for semi-volatUe and PCB analyses in Round 
1. However, the percent recovery of 2,4-Dinifrotoluene (100%) exceeded the QA/QC 
Umit of 96% and percent recovery of Arochlor 1242 (53%) was below the 80% limit 
in the matrix spike dupUcate sample for Round 2. No qualifications are 
recommended based on MS/MSD results. 

Relative Percent Differences (RPDs'): The relative percent differences betweeti MS^ 
and MSD recoveries were within established advisory limits for semi-volatUes 
incUcating acceptable long-term precision of the analytical method. However, the 
RPD for Arochlor 1242 in the PCB analysis was 51% whUe the confrol Umit is set 
at 10%. No data quaUfications are appropriate based on MS/MSD results alone. 

3.15.8 FIELD DUPLICATES/REPLICATES 

Duplicate Analyses: A field duplicate sample was collerted and analyzed for Round 
1 to provide an indication of overaU predsion, including both field and laboratoiy 
precision. 

Relative Percent Differences: There are no spedfic control limits established for 
RPDs in field duplicate samples. However, the RPD of the field duplicate was within 
the limits established for laboratory duplicates (± 35%). Since field duplicates 
examine both field and laboratory variabiUty, this sample is considered weU within 
acceptable range. 

Duplicate Frequency: One field duplicate sample was collerted for the 20 surface 
water samples. However, since no duplicate was collected for the 5 samples in 
Round 2 the one-duplicate-per-twenty-samples frequency spedfied in the projert QA 
plan was not met 

3.15.9 INTERNAL STANDARDS PERFORMANCE 

Intemal Standard Areas/ Retention Times: Intemal standard areas and retention 
times were verified by comparing the Intemal Standard Area Sunmiaiy Forms (Form 
Vni) to quantitation reports and no transcription ertors were deterted. The 
acceptable limits in standard area are no more than 100% above or less than 50% 
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below the 12 hour standard areas. The retention times of internal standards are to 
be within 30 seconds of the assodated 12 hour calibration standards. 

Intemal standard areas and retention times were within control Umits for most of the 
sample analyses. Only three samples had intemal standard areas below the lower 
limit for perylene. In one case (2 Deg. A), the sample was re-extracted, injected and 
analyzed which resulted in acceptable intemal areas. The other two samples (SP-5 
and 2 Deg. B) were not re-analyzed so compoimds assodated with perylene are 
flagged as estimates. 

3.15.10 TARGET COMPOUND IDENTIHCATION 

Relative Retention Times: Inspertions of mass spertra confirmed that semi-volatUe 
target compound relative retention times (RRTS) were within 0.06 RRT units of their 
cortesponding standard RRTs. 

Mass Spertra Criteria: Comparisons of the presence and relative intensity of ion 
peaks between sample and standard spectra verified semi-volatUe target compound 
identffications. 

3.15.11 COMPOUND QUANTITATION AND DETECTION LIMITS 

Compound Quantitation: Raw data was examined to verify the cortert calculation of 
aU sample results reported by the laboratory. Our review verified that the corrert j 
intemal standards, quantitation ions, and response factors were used to quantitate ) 
each compound. Results were re-calculated and no calculation or transcription ertor 
were deterted. ) 

Detertion Limits: Detection limits were cortertly adjusted to reflect sample dilutions. 

3.15.12 TENTATIVELY IDENTIFIED COMPOUNDS j 

For each sample, the laboratory conducted a mass spectral search of the NBS Ubrary ^ 
and reported the estimated quantities for the 15 largest semi-volatile peaks which • 
were not smrogate, intemal standard, or TCL compounds, but which had areas 
greater than 10 percent of the area of the nearest intemal standard. 

As indicated in the sertion concerrung blanks, there were a few TIC compounds that 
were observed in aU or almost all of the samples including the blanks. These (TICs) 
were not listed as compounds of interest in the ASARCO RI SampUng and Analysis ) 
Plan and are not reported in the final results. All contrartually required peaks were ) 
Ubrary searched and the tentative identifications were judged to be acceptable. 
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3.16 SURHCIAL MARINE SEDIMENT INORGANICS (PHASE I) 

This section summarizes QuaUty Assurance of marine sediment inorganics data according 
to USEPA Laboratory Data VaUdation Funrtional Guidelines (USEPA 1988). 

3.16.1 ANALYTICAL METHODS 

Marine sediment samples were analyzed for total metals according to EPA methods" 
for flame atomic absorption spectrophotometry. The majority of samples were 
analyzed for arsenic by hydride generation flameless AA because the absorbance 
results were below the range of standard absorbances for flame AA. 

3.162 SAMPLE HANDLING 

The laboratory reported that the custody seals on some sample containers were in a 
deteriorated condition upon arrival at the laboratory. The seal was broken on the 
jar containing sample MSM-13-7 and the jar Ud was not tight 

3.163 HOLDING "nMES ~ 

All metals analyses were completed within the six-month holding time limit for 
arsenic, copper, lead, and zinc. 

3.16.4 CALIBRATION 

Calibration Frequency: A blank and at least three standards were used to estabUsh 
analytical curves on each day of analysis for each metal analyzed. The linearity of 
the analytical curves served as measures of initial caUbration demonstrating that the 
instmment was capable of produdng acceptable quantitative data at the begirming of 
the analysis mn. Continuing calibration checks were generally performed once every 
10 samples and verified that the initial calibrations remained valid. 

Correlation Coeffidents: EPA Functional Guidelines (USEPA 1988) established a 
nunimum cortelation coefficient of 0.995 as a technical criterion to judge the 
acceptabUity of standard curves for use in the quantitation of metals. The cortelation 
coeffidents calculated for all standard curves exceeded the 0.995 minimum except 
those for the hydride generation flameless AA analyses of arsenic (0.984 and 0.992). 
AU flameless AA arsenic results were flagged as estimates (J). 

Initial and Continuing Calibration Verification: GeneraUy, aU initial and continuing 
calibration recoveries were within the quality control limits of 90 to 110 percent of 
the tme value. The initial caUbration recoveries of arsenic in standard WP886-1 (71 
and 72 percent) were iess than 90 percent for the hydride generation flameless AA 
analyses. The initial caUbration standard WP886-1 was re-analyzed with recoveries" 
of 100 percent and 80 percent. Three of the six continuing calibration verification 
recoveries were also outside the ±.10 percent acceptance window. These results 
indicate the flameless AA instmment may not have been properly calibrated for the 
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arsenic analysis of some samples. These calibration recoveries provided further 
evidence to flag flameless AA arsenic results as estimates (J). Spot checks of the 
caUbration recoveries verified that values re-calculated from raw data agreed with the 
results reported by the laboratory. 

3.163 BLANKS 

Blank Frequency: Reagent blanks were generally tested at a frequency of at least 
one per twenty samples as specified in the ASARCO RI Program QA Plan 
(Parametrix 1986). Only four reagent blanks (one per twenty-five samples) were 
analyzed for copper and no reagent blanks were mn with the flame AA arsenic 
analysis. AU flame AA arsenic results were flagged as estimates (J) due to the lack 
of information regarcUng possible sample contamination. No field blanks were 
collerted for sediment matrix samples. 

Blank Contamination: All reagent blank metals results were reported as less than the 
detertion Umits. A review of the raw data confirmed that these results were 
accurately reported. 

3.16.6 LABORATORY CONTROL ANALYSIS 

Five laboratory control samples (LCS) were analyzed for various metals as a monitor 
of the overall performance of all steps in the analyses. At least one of these 
reference samples was mn, at the beginning of each analysis for each metal, and 
additional LCSs were sometimes mn at the end of an analysis. All LCS results were 
within the ±.20 percent recovery control limits. A review of the raw data confirmed 
that these results were accurately reported. 

3.16.7 DUPLICATE SAMPLE ANALYSIS 

Duplicate Analysis Frequency: Laboratory duplicate analysis frequency met confrart 
requirements of at least one per 20 samples. 

Relative Percent Differences (RPDs): The RPDs between laboratory duplicates were 
aU less than the 20 percent quaUty control limit A review of the raw data confirmed 
these results. 

3.16.8 MATRIX SPIKE SAMPLE ANALYSIS 

Spike Analysis Frequency: Matrix spike analysis frequency generaUy met the contrart 
requirement of at least one per 20 samples for all metals tested. The exception was 
the flame AA analysis of arsenic, for which no spike analyses were performed. AU 
flame AA arsenic results were flagged as estimated (J) due to the lack of information 
regarding the effert of sample matrix on the digestion and measurement methodology. 
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Spike Recovery: AU matrix spike recoveries were within the ±25 percent quaUty 
confrol limits indicating acceptable digestion and measurement of metals in the 
marine sediment matrix. The laboratory reported that samples MSM-6-2 and MSM-
13-1 were unsuitable for matrix spike analyses. Post digestion spike analyses were 
performed on both samples and the resulting recoveries were aU within the ±.15 
percent quality control limits. 

3.16J) FURNACE ATOMIC ABSORPTION QC 

3.16.10 SAMPLE RESULT VERIFICATION 

Photocopies of raw data forms were provided by the laboratoiy for aU atomic 
absorption analyses of marine sediment samples. Results were also reported for 
standards that were used to plot standard curves of absorbances at known 
concenfrations. When the absorbance reading for a sample was outside the range of 
absorbance values represented by the standard curve, the sample was mn again at 
reduced sensitivity and compared with a standard curve of higher concentrations.. 
Copies of the instmmentation logs and standard operating procedures were also 
included in the laboratory data package. An examination of the raw data did not 
detert any anomalies and verified that there were no transcription or data reduction 
ertors. 

3.16.11 FIELD DUPLICATES/REPLICATES 

Duplicate Frequency: Three field dupUcate samples were analyzed for total metals 
for an average frequency of one per 33 samples. A fourth field duplicate sample was 
sent to another laboratory for radiological analysis. Five field duplicates were 
necessary to achieve the goal of one per 20 samples set forth in the ASARCO 
Program Quality Assurance Plan. 

Relative Percent Differences: The relative percent differences (RPDs) between 
metals results for sample MS-4-1 and the field duplicate Rep 4 were less than 25 
percent. The RPDs between arsenic results for MSM-9-5 and Rep 1 (32 percent), 
and between arsenic results for MSM-16-4 and Rep 3 (48 percent) exceeded 25 
percent indicating low overall predsion. These results suggest arsenic concentrations 
in the marine sediments may be highly variable, but no artion was taken to qualify 
sample data. 
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3.17 SURHCLO. MARINE SEDIMENT INORGANICS (PHASE II, TOTAL 
METALS) I 

This section summarizes QuaUty Assurance of Phase n surficial marine sediment 
inorganics laboratory data according to Laboratory Data Validation Funrtional Guidelines 
for Evaluating Inorgaiucs Analyses (USEPA 1988). i 

3.17.1 ANALYTICAL METHODS ^ 

Dried sediment samples were screened through a #10 ASTM testing sieve to remove 
the coarse grains greater than 2.00 mm diameter. The separated sample portions 
were weighed to determine the percent coarse fragments. Samples were analyzed for ' 
total metals according to EPA methods for flame atomic absorption 
spectraphotometry. Samples that registered .<. 2 ug/ml arsenic by flame atomic 
absorption were re-analyzed for arsenic by hydride generation. j 

3.172 SAMPLE HANDLING 
\ 
( 

The laboratory reported that samples T2S-5, T2-6, and T2-60 were warm when they • 
arrived. Total metals results for these samples were flagged as estimates (J or N) 
due to inadequate sample preservation. Sample 88-4640 (T2-5) was mislabeled "T2-
4" and sample T2-1 was mislabeled "T2-2" on the chain of custody forms. i 
3.173 HOLDING TIMES ) 

The sample holcUng times between collection and mercury analyses were 19 to 71 
days, thus exceeding the 28-day holding time limit for many samples. Mercury results j 
for those samples with holding times greater than 28 days were flagged as estimates j 
(J or N). AU other total metals analyses were completed weU within the requfred six-
month holding times. ^ 

3.17.4 CALIBRATION 

Calferation Frequency: A blank and at least three standards were used to establish 
analytical curves on each day of analysis for each metal tested. A blank and at least 
four standards were used to establish analytical curves for mercury analyses. 

Correlation Coeffidents: EPA Funrtional Guidelines (USEPA 1988) established a 
minimum cortelation coeffident of 0.995 as a technical criterion to judge the 
acceptabiUty of standard curves for use in the quantitation of metals, AU standard 
curve cortelation coeffidents exceeded the 0.995 minimum. 

Initial and Continuing Calibration Verifications: A review of the raw data verified 
that the caUbration percent recoveries reported agreed with the values in the raw 
data. The initial calibration verification recovery of arsenic in the August 11 hydride 
generation analysis of WP287 (89 percent) was less than the 90 percent control Umit 
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No action was taken to qualify data because the ICV recovery was judged to be 
- within rouncUng ertor of the control Umit 
I 

3.17.5 BLANKS 

i Blank Frequency: The frequency of reagent blank testing exceeded tiie five percent 
' frequency requfred by the projert QA plan for aU metals analyzed. No field blanks 

were coUerted due to the matrix of the samples. 

Blank Contamination: AU blank results were reported as less than the detection 
limits indicating laboratory contamination did not significantiy influence sample results. 
A review of the raw data confirmed that blank results were accurately reported. 

3.17.6 LABORATORY CONTROL SAMPLES 

Nine laboratoiy control samples (reference samples) were analyzed for various metals 
as a monitor of the overaU performance of all steps in the analyses. At least one 
reference sample was tested at the begirming and again at the end of each sample 
analysis. AU laboratory control sample results were within the certified ranges for 
those samples. A review of the raw data confirmed that these results were accurately 
reported. 

3.17.7 DUPLICATE SAMPLE ANALYSIS 

Duplicate Analysis Frequency: The five percent mirumum dupUcate analysis-
frequency was exceeded for all metals tested. 

Relative Percent Differences (RPDs): The RPDs between laboratory duplicates were ' 
aU less than the 20 percent quality control limit. A review of the raw data verified 
these results. 

3.17.8 MATRIX SPIKE SAMPLE ANALYSIS 

Spike Analysis Frequency: Four pre-digestion matrix spike samples and five spUced 
blanks were analyzed with each metal tested. Post-digestion matrix spUce samples 
were analyzed for arsenic, copper and lead. These analyses exceeded the 5 percent 
quaUty control frequency specified in the projert QA plan. 

Spike Recovery: The concentration of total mercury in sample T14-2 exceeded the 
mercury concentration in the spiked sample resulting in a negative spUce recovery. 
Mercury results for samples assodated with this spike may be biased low. Total 
mercury results for the following samples were flagged as estimates (J): T4-4, T3-6, 
T3-5, T3-4, T2-5, T2A-5, T2-6, T2-60, and T4-1 combined. Matrix spUce recovery 
results were verified by recalculating the percentages from raw data. 
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3.17i) FURNACE ATOMIC ABSORPTION QC 

Fumace AA analyses were not performed on any Phase II surfidal marine secUment 
samples. 

3.17.10 SAMPLE RESULT VERIFICA-nON 

Photocopies of aU raw data forms were provided for the total metals and coarse 
fragment analyses. Results were also reported for standards that were used to plot 
standard quantitation curves. Copies of the instrumentation logs and standard 
operating procedures (SOPs) were also included with the laboratory data package. 

The copper results for samples T4-1 combined and T4-2 combined and the lead result 
for T4-1 mixed were in ertor because they were quantitated using portions of the 
caUbration curves that did not encompass the sample absorbances. The laboratory 
recalculated these results using curves with broader ranges of absorbances and sent 
corterted sample analysis reports. 

The lead result reported for sample T3-20 was the average of an undiluted result and 
the result of an aliquot dUuted by a factor of 10. 

A review of the raw data and calculations mraed up two data reduction errors that 
were corterted by the laboratory. The copper result for sample T3-2 (253 ppm) was 
corterted to 244 ppm and the mercury result for T16-4 (0.052 ppm) was cortected to 
0.07 ppm. 

3.17.11 FIELD DUPLICATES/REPLICATES 

DupUcate Frequency: Two field duplicate samples were analyzed for total metals 
along with 46 samples, thus approaching the five percent duplicate frequency called 
for in the projert QA plan. 

Relative Percent Differences (RPDs): The RPDs between field duplicate samples T2-
6 and T2-60 were aU less than 20 percent or the difference between results were less 
than tiie CRQL. The RPDs between T3-2 and T3-20 were all less than 20 percent 
except the coarse fragment results (69 percent RPD). This high RPD was probably 
caused by the inclusion of one or two large, heavy particles in one sample that were 
not present in the dupUcate. 
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3.18 SURHCUL MARINE SEDIMENT INORGANICS (PHASE II, EP TOXICITY 
METALS) 

This section summarized Quality Assurance of Phase II surfidal marine sediment 
inorganics laboratoiy data according to Laboratory Data Validation Functional GuideUnes 
for Evaluating Inorganics Analyses (USEPA 1988). ^̂- — 

3.18.1 ANALYTICAL METHODS 

Surfidal marine sediinent~EP Toxsafriples were" prepared Lh accOfdance with "Toxic: 
Extraction Procedure protocols (EPA Method 1310) and analyzed according to EPA 

\ methods for flame atomic absorption spertraphotometry. 

3.182 SAMPLE HANDLING 
! 
t The laboratory reported that samples T2A-5, T2-6, and T2-60 were warm when they 

arrived. EP Tox metals results for these samples wUl be flagged as estimates (J or 
r N) due to inadequate preservations. Same 12-1 was mislabeled "T2-2" and sample 
I T2-5 was mislabeled "T2-4" on the chain on custody forms. 

( 3.183 HOLDING "HMES 

The sample holding times between collertion and mercury analyses were 21 to 53 
f days, thus exceeding the 28-day holding time for many samples. Mercury results for 

those samples with holding times greater than 28 days were flagged as estimates (J.̂  
or N), All other EP Tox metals analyses were completed well within the requfred 

f six-month holding times. 
I 

3.18.4 CALIBRATION 

Calibration Frequency: A blank and at least three standards were used to estabUsh 
* analytical curves on each day of analysis for each metal tested. A blank and at least 

four standards were used to establish analytical curves for mercury analyses. 

' Correlation Coeffidents: EPA Funrtional Guidelines (USEPA 1988) estabUshed a 
minimum cortelation coeffident of 0.995 as a techrucal criterion to judge the 

I acceptabiUty of standard curves for use in the quantitation of metals. AU standards 
curve cortelation coeffidents exceeded the 0.995 minimum. 

j Initial and Continuing Clalibration Verifications: At least one Irutial (DaUbration 
; Verification (ICV) sample was analyzed at the beginning of each run and a 

Continuing CaUbration Verification (CCV) sample was analyzed once every 10 
( samples. AU ICV and CCV recoveries were within the ±.10 percent control limits 
! indicating the instmment calibrations remained valid throughout the analyses. A 

review of the raw data verified that calibration recoveries were accurately reported. 
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3.18.5 BLANKS 

Blank Frequency: The frequency of reagent blank testing exceeded the five percent 
frequency requfred by the projert QA plan for aU metals analyzed. No field blanks 
were coUerted due to the matrix of the samples. 

Blank Contamination: AU blank results were reported as less than the detection 
limits indicating laboratory contamination did not significantiy influence sample results. 
A review of the raw data confirmed that blank results were accurately reported. 

3.18.6 LABORATORY CONTROL SAMPLES 

Eight laboratory confrol samples (reference samples) were analyzed for various metals 
as a morutor of the overaU performance of all steps in the analyses. At least one 
reference sample was tested at the beginning and again the end of each sample 
analysis. All laboratory control sample results were within the certified ranges for 
these samples. A review of the raw data confirmed that these results were accurately 
reported. 

3.18.7 DUPLICATE SAMPLE ANALYSIS 

Duplicate Analysis Frequency: The five percent minimum duplicate analysis 
frequency was exceeded for all metals tested. 

Relative Percent Differences (RPDs): The RPDs between laboratory duplicates were 
aU less than the 20 percent quaUty control linut A review of the raw data confirmed 
these results. 

3.18.8 MATRIX SPIKE SAMPLE ANALYSIS 

Spike Analysis Frequency: Three matrix spike samples and three spike blanks were 
tested with each EP Tox metal analysis, thus exceeding the five percent spUce 
frequency minimum. 

Spike Recovery: AU matrix spike recoveries were within the ± 25 percent quaUty 
control limits indicating matrix effects did not significantly influence sample results. 
Matrix spike recoveries were verified by recalculating them from the raw data. 

3.18i» FURNACE ATOMIC ABSORPTION QC 

Furnace AA analyses were not performed on Phase II surficial marine sediment 
samples. 

3.18.10 SAMPLE RESULT VERIHCATION 

Photocopies of aU raw data forms were provided for EP Tox metals analyses. Results 
were also reported for standards that were used to plot standard quantitation curves. 
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Copies of the instmmentation logs and standard Operating procedures (SOPs) were 
i also included with the laboratory data package. The raw data was reviewed and no 
I transcription or data redurtion ertors were deterted. 

3.18.11 FIELD DUPLICATES/REPLICATES 
> 

Duplicate Frequency: Two field duplicate samples were analyzed along with the 26 
EP Tox samples, thus exceeding the five percent duplicate frequency requfred by the 

i projert QA plan. . 

Relative Percent Differences: EP Toxidty metals were not deterted in any of the 
( field dupUcate samples so there were no differences in the results. 

(" 
I -

73 



3.19 SURFICLO. MARINE SEDIMENT ORGANICS (PHASE I) 

This section summarizes QuaUty Assurance of marine sediment organics data accorcUng 
to EPA Laboratory Data VaUdation Functional Guidelines for Evaluating Organics 
Analyses (USEPA 1988, USEPA 1985). 

3.19.1 ANALYTICAL METHODS 

Moisture Content: moisture content was analyzed according to EPA Method 160.3 
and reported in percent 

Semi-volatiles: compounds on the Hazardous Substance Ust (HSL) were extrarted 
and analyzed by GC/MS according to protocols established in USEPA Contrart 
Laboratory Program (CLP) (USEPA 1988). Semi-volatile results were reported in 
mg/kg on both a dry-weight basis and as-received basis. 

3.192 HOLDING TIMES 

Holding time requirements have not been specifically set for a soil matrix. Therefore, 
the guidelines used for these data validations are those established for water matrices 
under 40 CFR 136 (Clean Water Act). 1) extraction within seven days. 2) analysis 
within 40 days. All analyses of semi-voIatUe organics were within control Umits 
except for the following: 

• MSO-3-3 had to be re-extrarted due to the presence of 2 phases in the initial 
exfrart. This re-extraction was 20 days past the sample collection date which 
exceeded the 7 day sample holding time. 

3.193 GC/MS TUNING 

Mass Calibration: Standard decafluorotriphenylphosphine (DFTPP) mass calibrations 
were appropriately performed and reported on Form V. 

Ion Abundance: Each mass caUbration satisfied the ion abundance criteria. The data 
presented on each Form V compared with the cortesponding mass listings. We found 
no transcription or calculation ertors and the reported numbers contain the 
appropriate number of significant figures. These results demonstrated that instmment 
tuning and performance met EPA criteria to ensure mass resolution and compound 
identification. 

Calibration Frequency: Performance of the mass caUbrations occurred within 
12 hours for most samples analyzed with the exception of the following: 

• Samples MSO-16-1, MSO-16-2, and MSO-17-2 had to be reanalyzed witii a dUution 
fartor of ten. In the process of this re-analysis, the samples were run after the 
12 hour limit. However, all instmment mning ratios were weU within control 
limits so no action was taken to quaUfy or rejert the data. 
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3.19.4 CALIBRATION 
j .. 

Instmment Calibration: Results of the initial caUbration checks demonstrated that the 
GC/MS instrument was capable of producing acceptable quantitative data. 
Continuing caUbration checks performed on each day of sample analysis documented 
satisfartory maintenance and adjustment of the instmments. ._ _ . „ 

j . Average Relative Response Fartors: Average relative response fartors (RRF) were 
' calculated for each semi-volatUe compound on the target compound Ust (TCL) using 

five caUbration points. AU system performance check compounds (SPCC) had 
( average RRFs greater than or equal to the 0.05 control limit in aU initial and contin-
( uing caUbrations. The percent differences between average RRFs reported for initial 

and continuing caUbrations were less than the 25 percent maximum for aU caUbration 
( check compounds (CCC). 
I 

These results were verified by re-calculating the response fartors (RF) for one or 
( more of the (CCC) five point calibrations. Calculations of the average RF, RRF 
! were verified for each of the SPCCs and CCCs. No ertors were deterted. 

, Relative Standard Deviations: Relative standard deviations (RSD) of response factors 
j were calculated for each semi-volatile compound on the TCL. All caUbration check 

compound RSDs were less than or equal to the 30 percent control Umit 
Recalculation of tiie RSDs for the SPCC and CCC compounds in the initial 

) caUbrations deterted no ertors. 

3.19.5 BLANKS 

Laboratory Blanks: Method blanks were analyzed for each set of extracted samples 
resulting in a frequency that exceeded the one-per-twenty-samples frequency caUed for 
in the projert QA plan. No field blanks were analyzed because soil matrix blanks 

• are not avaUable. 

( Blank Contamination: Blank results were verified by inspecting chromatograms and 
i quantitation reports. Analysis of blanks associated with the following samples showed 

contamination that required data qualification action. 

;, • MSO-7-7: showed levels of diethylphthalate greater than in the blank but less 
than 5 times the blank concentration. Qualified as undeterted (U). 

i • MSO-14-3, MSO-14-2, MSO-15-3, MSO-12-2, and MSO-12-3: showed 
approximately the same levels of Di-n-butylphthalate and Bis-2-ethyUiexylphthalate 

i as the blank. Data for these compounds is qualified as undetected. 

Blank Quantitation Limits: The compound quantitation limits reported for method 
, blank analyses were generally consistent with sample analyses and matched the 
1 Confrart Requfred Quantitation Umits (CRQLs) Usted in CLP. 

75 



3.19.6 SURROGATE RECOVERY I 

BNA SurtOgate Recovery: Laboratory performance on each semi-volatUe organics 
sample was established by spiking the sample with six smrogate compounds. With -\ 
only a few exceptions (Usted below) the smrogate recoveries were generally within j 
control limits established in the CLP. 

• MSO-3-2: showed high recovery of Phenol-d5. No action is requfred since only | 
one surrogate is out of Umits and the recovery was greater than 10 percent. 

• MSO-7-1: had low recovery of Terphenyl-dl4 however, the re-injection met the ( 
QA limits. No action is required. 

• MSO-9-5 (field replicate): showed high surtOgate recovery of 2,4,6-tribromophenol. 
No artion is required since oiUy one surtOgate is out of limits and the recovery 
was greater than 10 percent. 

• MSO-10-2: showed low surrogate recovery of 2-fluorophenol. No action is 
required since only one surtogate is out of limits and the recovery was greater 
than 10 percent, 

• MSO-12-1: showed high recovery of Terphenyl-dl4. No artion is required since 
only one smrogate is out of linuts and the recovery was greater than 10 percent. 

• MSO-13-1: showed high recovery of Terphenyl-dl4. No artion is required since 
only one surtogate is out of limits and the recovery was greater than 10 percent. 

• MSO-14-2: had a recovery of only 1 percent for Phenol-d5. There-injertion met 
the QA Umits. No action is required. 

• MSO-16-3: showed low recovery of 2-fluorophenol. No artion is required since 
only one surtogate is out of limits and the recovery was greater than 10 percent 

Method Blank Surtogate Recovery: All semi-volatile surrogate recoveries were witiiin 
control limits for method blank analyses. 

Calculations: Smrogate recovery results were verified by comparison with quantitation 
reports and no transcription or calculation ertors were deterted. 

3.19.7 MATRIX SPIKES AND MATRIX SPIKE DUPLICATES 

Calculations: MS/MSD results were verified by comparing them to quantitation 
reports and re-calculating percent recoveries and RPDs. No franscription or 
calculation ertors were deterted. 
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Matrix Spike Frequency: MS/MSD analyses were performed for each semi-volatUe 
organics extraction batch, thus exceeding the one-matrix-spike-per-twenty-samples 
frequency specified in the projert QA plan. 

Spike Recoveries: matrix spike (MS) and matrix spike duplicate (MSD) recoveries 
were generaUy within estabUshed advisory limits indicating acceptable long-term 
accuracy of the analytical method. The foUowing are instances where the QA limits 
were exceeded. However, these results alone are not intended to evaluate the 
precision and accuracy of individual samples. An exception was made to this rule in 
thecase listed below under Memorandum M-7. -^ 

• Memorandum M-1: The percent recovery of 4-Chloro-3-methylphenol in the 
matrix spike sample and the percent recovery of pyrene in the spike and the 
duplicate samples exceeded the QA limits. No actions were taken to qualify or 
rejert these sample results. 

• Memorandum M-2: The smrogate recovery of 2,4,6-Tribromophenol in the matrix 
spUce dupUcate sample (LU# 1208628) was 6% above the 122% QC upper limit 
The QA/QC procedures allow one surtogate to exceed the limits before cortective 
artion is requfred uiUess that recovery is below 10 percent which was not the case 
in this instance. No artions were taken to qualify of reject these sample results. 

• Memorandum M-5: Matrix spiked dupUcate recovery of pyrene was weU above 
the QC limit. No artions were taken to qualify of reject these sample results. : 

• Memorandum M-7: The recovery of pyrene in the matrix spike and matrix spike 
dupUcate samples was -347% and -18% respectively (i.e., essentially zero). Since 
trace amounts of pyrene (below the spedfied detertion limits) were found iri 
sample MSO-8-2 we deemed it appropriate to qualify these results as detertion 
limit estimates (N). 

• Memorandum M-10: Matrix spiked and matrix spiked duplicate recoveries 
exceeded QC limits for 4-nitrophenol. This compound was not deterted in the 
samples and other MS/MSD results were within control limits, thus no action 
was taken to qualify or rejert sample results. 

• Memorandum M-11: The intemal laboratory QA results (MS and MSD) showed 
that the spike recovery of Phenol-d5 exceeded the QC limits of 90 percent. No 
actions were taken to qualify of rejert these sample results. 

• Memorandum M-12: The percent recovery of Phenol and 2,4-Dinitrotoluene 
exceeded the spike recoveiy QA limits in the matrix spike and the matrix spike 
dupUcate samples. No actions were taken to qualify of rejert these sample results. 

• Memorandum M-13: Matrix spiked recoveries of phenol, 4-chloro-3-methylphenol, 
and 2,4-dinitrotoluene exceeded QC Umits. Matrix spiked duplicate recoveries 
exceeded control limits for 2-chlorophenol, phenol, 4-chloro-3-methylphenol, 4-
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nitrophenol, and 2,4-dinitrotoluene. No actions were taken to qualify or rejert 
sample results. 

• Memorandum M-14: Matrix spiked recoveries exceeded QC Umits for phenol, 
4-chloro-3-methylphenol, pentachlorophenol, and 2,4-dinitrotoluene. These 
compounds were not deterted in the samples and other MS/MSD results were 
within control limits, thus no artion was taken to qualify or reject sample data. 

Relative Percent Differences (RPDs): The relative percent differences between MS 
and MSD recoveries were generaUy within estabUshed advisory Umits indicating 
acceptable long-term precision of the analytical method. 

•' Memorandum M-1: The RPD between the MS and MSD exceeded the QC limits 
for spike compound, 4-Chloro-3-methylphenol. In addition, the MSD sample 
showed concentrations 17 percent higher on average than the matrix spike sample 
but no additional compounds were observed. No qualification artions are deemed 
necessary. 

• Memorandum M-8: The RPD between the MS and MSD samples exceeded the 
control limits for 4-Chloro-3-methylphenol, 1,2,4-Trichlorobenzene, and Pyrene. 
No (pialification actions were taken. 

• Memorandum M-14: The relative percent difference (RPD) between the spiked 
and duplicate spiked results was twice the 33 percent QC Umit for 4-chloro-3-
methylphenol. This compound was not deterted in the cortesponding samples and 
other MS/MSD results were within control Umits, thus no action was taken to 
qualify or rejert data. 

3.19.8 HELD DUPLICATES/REPLICATES 

Duplicate Analyses: Field duplicate samples were collerted and analyzed for an 
incUcation of overaU precision, including both field and laboratory precision. Sediment 
samples typicaUy show greater variance than water samples due to difficulties 
assodated with coUerting identical samples. 

Relative Percent Differences: The RPDs between field duplicate analyses of moismre 
content and semi-volatUe organics were within control limits (± 35%) indicating 
acceptable field and analytical precision. 

Duplicate Frequency: Six field duplicate samples were collerted for 125 total marine 
sediment samples, which is slightly less than the one-duplicate-per-twenty-samples 
frequency specified in the project QA plan. 
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3.19.9 INTERNAL STANDARDS PERFORMANCE 

Intemal Standard Areas: Intemal standard area data was improperly retrieved by the 
computer program for one of the standards in a few instances. The laboratoiy .sent, 
corterted forms for these samples that demonstrated internal standard areas were 
within control limits, Intemal standard areas and retention times were verified by 
comparing the Intemal Standard Area Summary Forms (Form VIII) to quantitation 
reports and no franscription ertors were deterted. 

Sample matrix interference resulted in standard areas that did not meet quaUty 
confrol criteria indicating that GC/MS sensitivity and response was not stable during 
every run. In many cases the sample was cUluted, re-injerted and re-analyzed 
resulting in acceptable intemal standard areas. The acceptable range was: no more 
than 1()0% above or less than 50% below the 12 hour standard areas. When the 
re-analysis resulted in intemal standards that were still out of Umits, compounds 
assodated with those intemal standards were flagged as estimates (J or N). 

The samples listed under the foUowing standard area compounds did not meet QA 
Umits, requiring qualifications to the data for associated compounds. 

• l,4-Dichlorobenzene-d5: MSO-4-0, MSO-7-7, MSO-9-3, and MSO-10-2. 

• Naphtiialene-d4: MSO-3-1, MSO-4-0, MSO-9-3, and MSO-10-2. 

• Acenaphthene-dlO: MSO-3-1. 

• Phenantiirene-dlO: MSO-2-3, MSO-3-2, and MSO-4-0. 

• Chrysene-dl2: MSO-10-2. 

Retention Times: The retention times of internal standards did not vary more than' 
30 seconds from the assodated 12 hour calibration standards. 

3.19.10 TARGET COMPOUND IDENTIFICATION 

Relative Retention Times: Inspections of mass spertra confirmed that semi-volatUe 
target compound relative retention times (RRTS) were within 0.06 RRT units of thefr 
cortesponcUng standard RRTs. 

Mass Spectra Criteria: (Comparisons of the presence and relative intensity of ion 
peaks between sample and standard spectra verified semi-volatUe target compound 
identifications. 
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3.19.11 COMPOUND QUANTITATION AND DETECTION LIMITS 

Compound Quantitation: Raw data was examined to verify the cortert calculation of 
aU sample results reported by the laboratory. Our review verified that the cortert 
internal Standards, quantitation ions, and response fartors were used to quantitate 
each compound. Results were re-calculated and no calculation or transcription error 
were deterted. 

Detertion Limits: Detertion Umits were cortectiy adjusted to reflert sample dilutions. 

3.19.12 TENTATIVELY IDENTIHED COMPOUNDS 

For each sample, the laboratory condurted a mass spertral search of the NBS library 
and reported the estimated quantities for the 15 largest semi-volatile peaks which 
were not surtogate, internal standard, or TCL compounds,, but which had areas 
greater than 10 percent of the area of the nearest intemal standard. 

Positive results for biphenyl, dibenzothiophene, dimethylaniline, l-methyl(2-methyl 
ethyl)benzene, and methylphenanthrenes were reported in the final results and flagged 
by the laboratory as estimates. Other tentatively identified coihpounds (TICs) were 
not Usted as>,compounds of interest in the ASARCO RI Sampliiig and Analysis Plan 
and were not reported in the final results.All contrartually required peaks were library 
searched and the tentative identifications were judged to be acceptable. 
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320 SURHCIAL MARINE SEDIMENT ORGANICS (PHASE II) 

This section summarizes Quality Assurance of marine sediment organics data according 
to EPA Laboratory Data VaUdation Functional Guidelines for Evaluating Orgarucs 
Analyses (USEPA 1988, USEPA 1985). 

320.1 ANALYTICAL METHODS 

Moismre Content: moisture content was analyzed according to EPA Method 160.3^ 
and reported in percent ~ 

Semi-volatiles: compounds on the Hazardous Substance Ust (HSL) were extrarted 
and analyzed by GC/MS according to protocols established in USEPA Contrart 
Laboratory Program (CLP) (USEPA 1988). Semi-volatile results were reported in 
mg/kg on both a dry-weight basis and as-received basis. 

PCBs: were analyzed according to EPA Method 3540 and reported in mg/kg (EPA 
WW 846 2nd ed. 1984). 

3202 HOLDING TIMES 

Holding time requirements have not been specifically set for a soU matrix. Therefore, 
the guidelines used for these data validations are those established for water matrices 
under 40 CFR 136 (Qean Water Art). 1) extrartion within seven days. 2) analysis 
within 40 days. AU analyses of semi-volatUe organics were within control limits 
except for the foUowing: 

1 • T22-1, T22-2, and T4-4 were re-extrarted due to contamination in the method 
^ blank. This re-extrartion occurted 22 days after the sampling date which exceeded 

the 7 day sample holding time. 
i 

• T3-5, T3-4, T2-5, and T3-6 had unspecified problems with the method blank which 
required re-extraction. This re-extrartion took place 25 days after sampUng which 

( exceeded the 7 day holding time. 

• T2A-5, T2A-50, and T2-6 were warm when they were received at ASARCO 
I Technical Service Center. This violated the protocol for holding the samples. 
I , 

3203 GC/MS TUNING 

( Mass (Calibration: Standard decafluorotriphenylphosphine (DFTPP) mass caUbrations 
were appropriately performed and reported on Form V. 

j Ion Abundance: Each mass caUbration satisfied the ion abundance criteria. The data 
presented on each Form V compared with the cortesponding mass listings. We found 

j no transcription or calculation ertors and the reported numbers contain the 
1 appropriate number of significant figures. These results demonstrated that instrument 
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tuning and performance met EPA criteria to ensure mass resolution and compound 
identification. 

Calibration Frequency: Performance of the mass caUbrations occurted within 
12 hours for most samples analyzed with the exception of the following: 

• T3-2 and Tll-7 were initially mn more than 12 hours after a caUbration and 
had to be re-injerted because all of the instrument tuning ratios were not within 
control limits. 

320.4 CALIBRATION 

Instmment Calferation: Results of the initial caUbration checks demonstrated that the 
GC/MS instrument was capable of produdng acceptable quantitative data. 
Continuing calibration checks performed on each day of sample analysis documented 
satisfartoiy maintenance and adjustment of the instmments. 

Average Relative Response Fartors: Average relative response fartors (RRF) were 
calculated for each semi-volatile compound on the target compound Ust (TCL) using 
five calibration points. All system performance check compounds (SPCC) had 
average RRFs greater than or equal to the 0.05 control limit in all initial and contin­
uing caUbrations. The percent differences between average RRFs reported for initial 
and continuing caUbrations were less than the 25 percent maximum for aU calibration 
check compoimds (CCC). 

These results were verified by re-calculating the response factors (RF) for one or 
more of the (CCC) five point caUbrations. Calculations of the average RF, RRF 
were verified for each of tiie SPCCs and CCCs. No ertors were detected. 

Relative Standard Deviations: Relative standard deviations (RSD) of response factors 
were calculated for each semi-volatUe compound on the TCL. All calibration check 
compound RSDs were less than or equal to the 30 percent control limit. 
Recalculation of the RSDs for the SPCC and CCC compounds in the initial 
calibrations deterted no errors. 

Calibration for PCB Analysis: The laboratoiy submitted calibration tables that list 
the response fartors for each peak generated from the initial injertion of four 
standards. CaUbration response fartors were calculated by cUviding the amount of 
standard injerted by the chromatogram peak height. Calibration linearity was checked 
by calculating the percent relative standard deviations (RSDs) of response fartors for 
the four standards. RSDs ranged from 15 to nearly 60 percent These results along 
with holding time limit violations contributed to the dedsion to flag PCB results as 
estimates. 
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320.5 BLANKS 

\ Laboratory Blanks: Method blanks were analyzed for each set of extrarted samples 
resulting in a frequency that exceeded the one-per-twenty-samples frequency caUed for 

, in the projert QA plan. No field blanks were analyzed because soU matrix blanks 
\ are not a\^able. 

Blank Contamination: Blank results were verified by inspecting chromatograms and 
( quantitation reports. Analysis of blanks assodated with the foUowing samples showed^ 
' containination that requfred data qualification action. 

i • T16-4: had to be re-injerted because the Method Blank failed to meet Internal 
Standard Area QA lunits. 

( • T22-1, T22-2, and T4-4: were re-extrarted due to contamination in the blank for 
i the first extraction. 

, • T2A-5, T2A-50, T2-6, TO-2, TO-3, Tl-1, and T2-1: Di-n-butylphthalate was 
I deterted m the Method Blank assodated with these samples. Since it was dot 

deterted in any of the samples no qualifiers were needed in the data. 

) Blank Quantitation Limits: The compound quantitation Umits reported for method 
blank analyses were generally consistent with sample analyses and matched the 

. Contrart Required Quantitation Umits (CRQLs) listed in CLP. 

• 320.6 SURROGATE RECOVERY 

i BNA SurtOgate Recovery: Laboratoiy performance on each semi-volatUe organics 
sample was established by spiking the sample with sbc surtogate compounds. .With 
only a few exceptions (listed below) the surtogate recoveries were generally within 

i control limits established in the CLP. 
(. 

• T18-2: showed low recovery of 2,4,6-Tribromophenol was below the QA lunits 
( of 19% (12%). No artion is required since only one surrogate is out of limits 
( and the recoveiy was greater than 10 percent 

( • T16-4 (Matrix Spike Dup.): showed low recoveiy of 2,4,6-Tribromophenol was 
( below tiie QA Umits of 19% (12%). No artion is requfred since the Matrix SpUce 

samples are only intended for long-term comparisons. 

( PCB SurtOgate Recovery: Laboratoiy performance on each PCB sample was 
established by spUcing the sample with the smrogate compound oxychlordane. 

/ Recoveiy of oxychlordane was within the control limit for each sample. 
i 

Method Blank Surtogate Recovery: All semi-volatile surtOgate recoveries were within 
/ confrol limits for method blank analyses. 
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Calculations: Surrogate recovery results were verified by comparison with quantitation 
reports and no transcription or calculation ertors were deterted. 

320.7 MATRIX SPIKES AND MATRIX SPIKE DUPLICATES 

Calculations: MS/MSD results were verified by comparing them to quantitation 
reports and re-calculating percent recoveries and RPDs. No franscription or 
calculation ertors were deterted. 

Matrix Spike Frequency: MS/MSD analyses were performed for each semi-volatUe 
organics/PCB extraction batch, thus exceeding the one-matrix-spike-per-twenty-samples' 
frecjuency specified in the projert QA plan. 

Spike Recoveries: matrix spike (MS) and matrix spike duplicate (MSD) recoveries 
were generaUy within established advisory limits indicating acceptable long-term 
accuracy of the analytical method. The following are instances where the QA limits 
were exceeded. However, these results alone are not intended to evaluate the 
precision and accuracy of individual samples. An exception was made to this mle in 
the case listed below under Memorandum M-7. 

• Memorandum MS2-1: The percent recovery of 4-nitrophenol and 
pentachlorophenol were below the QA limits in the matrix spike duplicate analysis. 
No actions were taken to qualify or reject sample results.. 

• Memorandum MS2-4: The percent recovery of 2,4-Dinitrotoluene in the Matrix 
SpUce sample was higher than the QC limits. The percent recovery of arochlor 
1242 was below the control Umits for the matrix spike sample.. However, no 
actions were requfred to qualify or rejert the results. 

• Memorandum MS2-5: The percent recovery of 2,4-Dinitrotoluene in the Matrix 
SpUce sample was higher than the QC limits. The percent recovery of arochlor 
1242 was below tiie control limits for the matrix spike sample. However, no 
actions were required to qualify or rejert the results. 

• Memorandum MS2-8: The MS/MSD analysis of Total Organic Carbon (TOC) 
exceeded the QA Umits. However, the MS/MSD results are not intended to 
evaluate the precision and accuracy of individual samples. Therefore no 
qualifications to the TOC data are required. 

Relative Percent Differences (RPDs): The relative percent differences between MS 
and MSD recoveries were generally within established advisory Umits indicating 
acceptable long-term precision of the analytical method. 

• Memorandum MS2-1: The low recoveries of 4-nitrophenol and pentachlorophenol 
were below the QA limits in the matrix spike duplicate analysis. This resulted m 
the relative percent difference (RPD) between the matrix spike (MS) and matrix 
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spike dupUcate (MSD) samples to exceed the QA limits for these compounds as 
weU. No actions were taken to qualify or rejert sample results. 

• Memorandum MS2-2: The relative percent difference (RPD) of 1,4-
Dichlorobenzene between the matrix spike (MS) and matrbc spike dupUcate (MSD) 
samples exceeded the QA limits. No artion was taken to qualify or rejert the 
sample results. 

_• Memorandum MS2-4: "Die RPD of pentachlorophenol between the MS and MSD 
samples were higher than the QC Umits. However, no quaUfications are requfred 
of the data based on MS/MSD results. 

• Memorandum MS2-5: The RPD of pentachlorophenol between the MS and MSD 
samples were higher than the QC Umits. However, no qualifications are requfred 
of the data based on MS/MSD results. 

320.8 HELD DUPLICATES/REPLICATES 

Duplicate Analyses: Field dupUcate samples were collerted and analyzed for an 
indication of overall predsion, including both field and laboratory precision. Sediment 
samples typically show greater variance than water samples due to difficulties 
assodated with coUerting identical samples. 

Relative Percent Differences: The RPDs between field duplicate analyses of moisture 
content, PCB, and semi-volatUe organics were within control limits (± 35%) indicating 
acceptable field and analytical predsion. 

Duplicate Frequency: Sbc field duplicate samples were coUerted for 125 total marine 
sediment samples, which is slightly less than the one-duplicate-per-twenty-samples 
frequency specified in the projert QA plan. 

320.9 INTERNAL STANDARDS PERFORMANCE 

Intemal Standard Areas: Intemal standard area data was improperly retrieved by the 
computer program for one of the standards in a few instances. The laboratory sent 
corterted forms for these samples that demonstrated intemal standard areas were 
within control Umits. Intemal standard areas and retention times were verified by 
comparing the Intemal Standard Area Summary Forms (Form Vni) to quantitation 
reports and no franscription ertors were deterted. 

Sample matrix interference resulted in standard areas that did not meet quaUty. 
confrol criteria indicating that GC/MS sensitivity and response was not stable during. 
every run. In many cases the sample was diluted, re-injerted and re-analyzed 
resulting in acceptable internal standard areas. The acceptable range was: no more 
than 100% above or less than 50% below the 12 hour standard areas. When the 
re-analysis resulted m intemal standards that were still out of Umits, compounds 
assodated with those mteraal standards were flagged as estimates (J or N). 
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Retention Times: The retention times of intemal standards did not vary more than 
30 seconds from the assodated 12 hour calibration standards. 

320.10 TARGET COMPOUND IDENTIFICATION 

Relative Retention Times: Inspertions of mass spertra confirmed that semi-volatUe 
target compound relative retention times (RRTS) were within 0.06 RRT units of thefr 
cortesponding standard RRTs. 

Mass Spectra Criteria: Comparisons of the presence and relative intensity of ion 
peaks between sample and standard specfra verified semi-volatUe target compound 
identifications. 

320.11 COMPOUND QUANTITATION AND DETECTION LIMITS 

Compound Quantitation: Raw data was examined to verify the cortert calculation of 
all sample results reported by the laboratory. Our review verified that the cortect 
intemal standards, quantitation ions, and response factors were used to quantitate 
each compound. Results were re-calculated and no calculation or transcription ertor 
were deterted. 

Detection Limits: Detection limits were cortectiy adjusted to reflert sample dilutions. 
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321 MARINE SEDIMENT CORE INORGANICS 

This sertion summarizes QuaUty Assurance of marine sediment core metals laboratory 
data according to Laboratory Data Validation Functional GuideUnes for Evaluating 
Inorganics Analyses (USEPA 1988). 

321.1 ANALYTICAL METHODS 

pediment core samples were coUerted and analyzed for both total metals and EP Tox 
metals. Total metals samples were screened through a #10 ASTM testing sieve~t6" 
remove the coane grauis greater than 2.00 mm diameter. The separated sample 
portions were weighed to determine the percent coarse fragments. Samples were 
analyzed for total metals according to EPA methods for flame atomic absorption 
spectraphotometry. EP Tox samples were prepared in accordance with Toxic 
Extraction Procedure protocols (EPA Method 1310) and analyzed accordfrig to EPA 
flame atomic absorption spectraphotometry methods. Both flame AA and 
colorimetric methods were employed in the arsenic analyses. 

3212 SAMPLE HANDLING 
" i • 

All samples were handled properly as specified in the project QA plan. 

3213 HOLDING TIMES 

The sample holding times between collection and mercury analyses were 45 to 72 
days, thus exceeding the 28-day holding time maximum. 

AU mercury results were flagged as estimated (J or N). All other metals analyses 
were completed well within the required sbc-month holding times. 

321.4 CALIBRATION 

Calibration Frequency: A blank and at least three standards were used to establish 
analytical curves on each day of analysis for each metal tested. A blank and at least 
four standards were used to establish analytical curves for mercury analyses. 

Correlation Coeffidents: EPA Funrtional Guidelines (USEPA 1988) estabUshed a 
minimum cortelation coeffident of 0.995 as a technical criterion to judge the 
acceptability of standard curves for use in the quantitation of metals. AU standard 
curve cortelation coeffidents exceeded the 0.995 minimunL 

Initial and Continuing (Calibration Verifications: At least one mitial caUbration 
verification (ICV) sample was analyzed at the beginning of each run and a continuing 
caUbration verification (CCV) sample was analyzed once every 10 samples. The ICV 
recovery for the EP Tox colorimetric analysis of arsenic (85 percent) was less than 
the 90 percent minimum control limit indicating assodated arseruc results may be 
biased low. EP Tox arsenic results for the foUowing samples were flagged as 
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estimates (J): lOA-01, T7-2-01, T7-2-12, T7-2-23, T7-2-34, T7-2-45, T13-2.5-01, 
T13-2.5-12, T13-2.5-23, and T12-23-34. The ICV recovery for EP Tox mercury (129 i 
percent) exceeded the 120 percent upper control limit but no action was taken to \ 
qualify data because mercury was not deterted in assodated samples. 

AU other ICV and CCV recoveries were within the ±.10 percerit control limits i 
incUcating the instmment caUbrations remained vaUd throughout the analyses. A 
review of the raw data verified that caUbration recoveries were accurately reported. 

321.5 BLANKS 

Blank Frequency: The frequency of reagent blank testing exceeded the five percent ; 
frecjuency requfred by the projert QA plan for all metals analyzed. No field blanks 
were coUerted due to the matrix of the samples. 

Blank Contamination: All blank results were reported as less than the detection 
Umits indicating laboratory contamination did not sigiuficantly influence sample results. 
A review of the raw data confirmed that blank results were accurately reported. i 

321.6 LABORATORY CONTROL SAMPLES 

Eleven laboratory control samples (reference samples) were analyzed for various j 
metals as a monitor of the overall performance of adl steps in the analyses. At least 
one reference sample was tested at the beginning and again at the end of each ) 
sample analysis. AU laboratory control sample results were within the certified ranges I 
for these samples. A review of the raw data confirmed that these results were 
accurately reported. _ -

321.7 DUPLICATE SAMPLE ANALYSIS 

Duplicate Analysis Frequency: Limited sample volumes did not allow the laboratory i 
to analyze laboratory duplicate samples for the barium EP Tox analysis. The five ' 
percent minimum duplicate analysis frequency was exceeded in all other metal ^ 
analyses. j 

Relative Percent Differences (RPDs): The RPDs between laboratory duplicates were 
aU less than the 20 percent quaUty control limit. A review of the raw data confirmed | 
these results. •' 

321.8 MATRIX SPIKE SAMPLE ANALYSIS 1 
• ( 

Spike Analysis Frequency: Two matrix spike samples were tested with each total 
metal and EP Tox metal analysis, thus meeting the five percent spike frequency "] 
minimum. AdditionaUy, two spiked blanks were tested with most metal analyses. j 
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Spike Recovery: All matrix spike recoveries were within the ±25 percent quaUty 
( control limits indicating matrix effects did not significantiy influence sample results, 
I Matrix spike recoveries were verified by recalculating them from the raw data. 

, 321.9 FURNACE ATOMIC ABSORPTION QC 

Fumace AA analyses were not performed on marine sediment core samples. 

L 321.10 SAMPLE RESULT VERIHCATION 

Photocopies of raw data forms were provided for aU metals analyses. Results were 
1 also reported for standards that were used to plot standard quantitation curves. 
-̂ Copies of the instrumentation logs and standard operating procedures (SOPs) were 

also included with the laboratoiy data package. 

( A review of the raw data and calculations turned up two data reduction ertors that 
were corterted by the laboratoiy. The total zinc result for sample T13-2,5-23 was 

j corterted from 255 ppm to 270 ppm. The EP Tox zinc result for sample T7-2-34 was 
t changed from 0.12 ppm to 1.18 ppm. 

( 32L11 FIELD DUPLICATES/REPLICATES 

Duplicate Frequency: Two field dupUcate samples were analyzed for total metals and 
( EP Tox metals along with 37 samples, thus meeting the five percent duplicate 
/ frequency caUed for in the projert QA plan. 

f Relative Percent Differences: The relative percent differences (RPDs) between total 
'; metals results for field duplicate samples 10-23 and 10-230 were less than 30 percent 

for aU metals except copper (50 percent). The RPDs between field dupUcate total 
metals results for 2-12 and 2-120 were aU less than 25 percent and the coarse 

i fragment RPD was 56 percent. The variability evidenced by these results was judged 
to be acceptable considering the samples were collerted from separate cores. 

• Most of the RPDs between EP Tox field duplicate results were less than 20 per;cent 
* or the differences were less than twice the detertion limits for EP Tox metals. The 

RPDs between field dupUcate samples 10-23 and 10-230 were 127 percent for arsenic 
i and 88 percent for zinc. The RPDs between field duplicates 2-12 and 2-120 were 50 
' percent for lead and 73 percent for zinc. When these same field dupUcates were 

tested for total metals, the RPDs for arsenic, lead and zinc were aU less than 30 
( percent The high RPDs for EP Tox results indicated extrartable metals 
(. concentrations were more variable than total metals and additional ertor may have 

been introduced by the exfrartion procedure. Field duplicate results were not used 
( to qualify sample data. 
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322 MARINE SEDIMENT CORE ORGANICS 

This section summarizes QuaUty Assurance of marine sediment coring organics data ) 
according to EPA Laboratory Data VaUdation Funrtional GuideUnes for Evaluating 
Organics Analyses (USEPA 1988, USEPA 1985). j 

322.1 ANALYTICAL METHODS 

Moisture Content: moisture content was analyzed according to EPA Method 1603 / 
and reported in percent 

Semi-volatiles: compounds on the Hazardous Substance List (HSL) were extrarted 
and analyzed by GC/MS according to protocols estabUshed in USEPA Contract 
Laboratory Program (May 1984, revised July 1985) (CLP). 

3222 HOLDING TIMES 

Holding time requirements used for these data validations are those established for 
water matrices under 40 CFR 136 (Cean Water Art). 1) extrartion witiiin seven 
days. 2) analysis within 40 days. The holding times to extrartion for semi-volatile 
organics analysis exceeded the control limits for aU coring samples. Therefore, aU the 
positive results are flagged as estimates and all negative results as non-detected at the 
estimated detertion limits 

3223 GC/MS TUNING 

Mass Calibration: Standard decafluorotriphenylphosphine (DFTPP) mass caUbrations 
were appropriately performed and reported on Form V. 

Ion Abundance: Each mass calibration satisfied the ion abundance criteria. The data 
presented on each Form V compared with the cortesponding mass listings. We found 
no transcription or calculation errors and the reported numbers contain the 
appropriate number of sigiuficant figures. These results demonstrated that instmment 
turung and performance met EPA criteria to ensure mass resolution and compound 
identificatioiL 

Calibration Frequency: Performance of the mass calibrations occurted within 
12 hours for aU samples analyzed as required. 

322.4 CALIBRA-nON 

Instmment Calibration: Results of the initial calibration checks demonstrated that the 
GC/MS mstmment was capable of produdng acceptable quantitative data. 
Continuing caUbration checks performed on each day of sample analysis documented 
satisfartory maintenance and adjustment of the instmments. 
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Average Relative Response Fartors: Average relative response fartors (RRF) were 
calculated for each semi-volatUe compound on the target compound list (TCL) using 
five caUbration points. AU system performance check compounds (SPCC) had 
average RRFs greater than or equal to the 0.05 control limit in aU initial and contin­
uing caUbrations. The percent differences between average RRFs reported for the 
continuing calibrations were less than 25% for aU calibration check compounds 
(CCC). 

These results were verified, by re-calculating the response fartors (RF) for one or 
more of the (CCC) five pomt calibrations. Calculations of the average RF, RRF 
were verified for each of the SPCCs and CCCs. No ertors were deterted. 

Relative Standard Deviations: Relative standard deviations (RSD) of response fartors 
were calculated for each semi-volatUe compound on the TCL. AU calibration check 
compound RSDs were less than or equal to the 30% control limit. Recalculation of 
the RSDs for the SPCC and CCC compounds in the initial caUbrations deterted no 
ertors. . -

322.5 BLANKS 

Laboratory Blanks: One method blank was analyzed for each batch of samples. This 
met or exceeded the frequency of one-per-twenty-samples required by the project QA 
plan. No field blanks were analyzed because soil matrix blanks are not avaUable. 

Blank Contamination: Blank results were verified by inspecting chromatograms and 
quantitation reports. Trace amounts of di-n-butylphthalate was found in three of the 
lab blanks as weU as in most of the assodated samples, indicating a lab 
contamination problem. However, since the levels in the blanks and samples were 
simUar and below the calibrated detertion limits for the system no qualifications are 
requfred. 

Blank Quantitation Limits: The compound quantitation Umits reported for method 
blank analyses was consistent with sample analyses and matched the Contrart 
Requfred Quantitation Limits (CRQLs) listed in CLP. 

322.6 SURROGATE RECOVERY 

BNA SurtOgate Recovery: Laboratory performance on each semi-volatile organics 
sample was estabUshed by spiking the sample with six smrogate compounds. The 
smrogate recoveries were generaUy within control Umits estabUshed in the CLP with 
the foUowing exceptions: 

• 2,4,6-tribromophenol was above recoveiy limits in samples 10-01, 10-45, T-7-
2-01, and T-16-0-1012. No action is required since oiUy one surtogate is out 
of Umits and the recovery was greater than 10 percent. 
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2-fluorobiphenyl and rutrobenzene were below recovery limits in sample lOA-
12. Since two surrogates are out of limits the data for this sample are flagged i 
as estimates or estimated detertion limits. \ 

Spike Recoveries: due to matrix interferences and dilution requirements, the matrix 
spUce (MS) and matrix spike duplicate (MSD) recoveries did not meet established 
advisory limits for seven of eleven spike compounds in two of the sample batches. 
In one other batch, 2,4-dinitrotoluene exceeded the established limit (89%) by 1% in 
the matrix spike and 3% in the duplicate sample. 

Since spike recovery results are intended to evaluate the long-term accuracy of the 
analyticial method and not individual samples, no qualifications are recommended. 

Relative Percent Differences (RPDs): The relative percent differences between MS 
and MSD recoveries were within established advisory limits for semi-volatiles 
incUcating acceptable long-term predsion of the analytical method. 

322.8 HELD DUPLICATES/REPLICATES 

Duplicate Analyses: A field duplicate sample was collerted and analyzed to provide 
an incUcation of overall precision, including both field and laboratory predsion. 

Relative Percent Differences: There are no specific control limits estabUshed for 
RPDs in field duplicate samples. However, the RPD of moisture content and semi­
volatUe organics were within the limits estabUshed for laboratory dupUcates (± 35%). 
Since field dupUcates examine both field and laboratory variabUity, this sample is 
considered weU within acceptable range. 
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Method Blank Surrogate Recovery: AU semi-volatile smrogate recoveries were withui 
confrol limits for method blank analyses. i 

(Calculations: Smrogate recovery results were verified by comparison with quantitation ^ 
reports and no transcription or calculation ertors were deterted. / 

322.7 MATRIX SPIKES AND MATRIX SPIKE DUPLICATES 

Calculations: MS/MSD results were verified by comparing them to quantitation 
reports and re-calculating percent recoveries and RPDs. No transcription or 
calculation ertors were deterted. 

Matrix Spike Frequency: MS/MSD analyses were performed for each semi-volatUe 
organics extrartion batch, thus meeting the one-matrix-spike-per-twenty-samples 
frequency specified in the project QA plan. 



Duplicate Frequency: Since almost half of the sampling sites could not be effectively 
sampled, orUy one of the four plarmed field duplicates was coUerted for the 36 core 
samples. Therefore, the one-duplicate-per-twenty-samples frequency spedfied in the 
projert QA plan was not met 

322.9 INTERNAL STANDARDS PERFORMANCE 

Intemal Standard Areas/ Retention Times: Intemal standard areas and retention 
times were verified by jromparing the Intemal Standard Area Smnmary Forms (Form 
Vm) to quantitation reports and no transcription ertors were deterted. The 
acceptable limits in standard area are no more than 100% above or less than 50% 
below the 12 hour standard areas. The retention times of internal standards are to 
be within 30 seconds of the assodated 12 hour calibration standards. Intemal 
standard areas and retention times were within control limits for aU sample analyses. 

322.10 TARGET COMPOUND IDENTIHCATION 

Relative Retention Times: Inspections of mass spertra confirmed that semi-volatile 
target compound relative retention times (RRTs) were within 0.06 RRT imits of thefr 
cortesponding standard RRT. 

Mass Spertra Criteria: Comparisons of the presence and relative intensity of ion 
peaks between sample and standard spectra verified semi-volatile target compound 
identifications. 

322.11 COMPOUND QUANTITATION AND DETECTION LIMITS 

Compound Quantitation: Raw data was exanuned to verify the cortect calculation of­
all sample results reported by the laboratory. Our review verified that the cortert 
fritemal standards, quantitation ions, and response fartors were used to quantitate 
each compound. Results were re-calculated and no calculation or transcription ertor: 
were deterted. 

Detertion Limits: Detertion Umits were cortertly adjusted to reflert sample dUutions. 
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4. CONCLUSIONS 

Based on the data validation review, we found the analytical data to be generally 
acceptable as vaUd for the purposes of the ASARCO Tacoma Smdlter Remedial 
Investigation and FeasibiUty Study. OiJy a few data points were rejerted as unusable as 
a result of quaUty control violations. In some dises, the data required qualifiers to 
indicjate estimated values and quantitation limits. These qualifiers do not limit the abUity 
to form reUable interpretations of the entire data set 
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5. APPENDICES 

5.1 QA MEMORANDA 
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M E M O R A N D U M 

to: 

from: 

re: 

Projert FUe 

James Good, Quality Assurance Officer 

March 22, 1988 
Revised Febmaiy 6, 1989 

55-1643-03(024 IA) 

QA Review: ASARCO RI, Phase I Surfidal Soil Laboratoiy Results; Total 
Metals 

This QA review includes the following surfidal soil samples analyzed by ASARCO for 
total metals: 

Analysis Dates ASARCO LD. 

87-9540 
87-9541 
87-9542 
87-9543 
87-9544 
87-9545 
87-9546 
87-9547 
87-9548 
87-9549 
87-9550 
87-9587 
87-9588 
87-9589 
87-9590 
87-9591 
87-9592 
87-9593 
87-9594 
87-9595 
87-9596 
87-9597 
87-9630 
87-9631 

Parametrix I.D. 

SS-62 
SS-63A 
SS-63B 
SS-67 
SS-61 
SS-64 
SS-65 
SS-66 
SS-68 
SS-69 
SS-70 
SS-51 
SS-52 
SS-53 
SS-54 
SS-55 
SS-56 
SS-57 
SS-58A 
SS-58B 
SS-59 
SS-60 
MW4-S-1 
MW5-S-1 

Sample Date 

10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
09-30-87 
09-29-87 

2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-
2-10-88 to 2-

17-88 
17-88 
17-88 -;. 
17-88 iv 
17-88 s-:-
17-88 ,; 
17-88 
17-88 
17-88 ' 
17-88 
17-88 
17-88 
17-88 
17-88 
17-88 
17-88 
17-88 
17-88 
17-88 
17-88 
17-88 
17-88 
17-88 
17-88 

^ • • ' 

(5-



to: Project File 
from: James Good, 
March 22, 1988 
Revised Febmary 6, 
Page 2 

ASARCO ID. 

87-9633 
87-9634 
87-9636 
87-9637 
87-9638 
87-9639 
87-9833 
87-9834 
87-9835 
87-9836 
87-9912 
87-9913 
87-9914 
87-9915 
87-9916 
87-9917 
87-9918 
87-9964 
87-9965 
87-9966 
87-9967 
87-9968 
87-9969 
87-10046 
87-10047 
87-10048 
87-10(>49 
87-10050 
87-10051 
87-10052 
87-10053 
87-10054 
87-10055 
87-10056 
87-10057 

QuaUty Assurance Officer 

1989 

Parametrix LD. 

MW7-S-1 
MW8-S-1 
MWlO-S-1 
MWll-S-1 
MW12-S-1 
MW13-S-1 
SS-13 
SS-24 
SS-25 
SS-26 
SS-01 
SS-02 
SS-09A 
SS-09B 
SS-10 
SS-11 
SS-12 
SS-23 
SS-27 
SS-19 
SS.20 
SS-21 
SS-22 
SS-46 
SS-45 
SS-50 
SS-49 
SS-42 
SS-41 
SS-44 
SS-43 
SS-48 
SS-47 
SS-40 
SS-39 

Sample Date 

10-05-87 
10-01-87 
09-25-87 
09-21-87 
09-24-87 
09-22-87 
11-03-87 
11-03-87 
11-03-87 
11-03-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-05-87 
11-05-87 
11-05-87 
11-05-87 
11-05-87 
11-05-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 

Analysis D^tes 

2-10-88 to 2-17-88 , 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 ' 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 | 
2-10-88 to 2-17-88 ' 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 i 
2-10-88-to 2-17-88 1 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 | 
2-10-88 to 2-17-88 | 
2-10-88*to2-17-88 
2-10-88 to 2-17-88 i 
2-10-88 to 2-17-88 | 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 , 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 , 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 ' 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 ' 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 1 
2-10-88 to 2-17-88 1 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 1 
2-10-88 to 2-17-88 .1 
2-10-88 to 2-17-88 



to: Projert FUe 
from: James Good, QuaUty Assurance Officer 
March 22, 1988 
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ASARCO TD. -

87-10085 
87-10086 
87-10087 
87-10088 
87-10089 
87-10090 
87-10091 
87-10092 
87-10093 
87-10094 
87-10095 
87-10096._ 
87-10126 
87-10127 
87-10128 
87-10129 
87-10130 

- Parametrix LD. -

SS-28 
SS-29 
SS-30 
SS-3L\ 
SS-3 IB 
SS-32 
SS-33 
SS-34 
SS-35 
SS-36 
SS-37 

_ SS-38 
SS-6 
SS-8 
SS-3 
SS-4 
SS-16 

-San^pie Datft -

11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 

Analysis Dates-

2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 
2-10-88 to 2-17-88 

These surficial soil samples were collected between October 27 and November 11, 1987 
and analyzed for total metals between Febmary 10 and Febmary 17, 1988. The holdmg 
time requirement for mercuiy established for water matrix samples is 28 days. In the 
absence of statistically determined holding times for soU matrix samples, the water matrix 
holding times were applied to these surficial soil samples. All mercuiy results were 
flagged as estimates (J or N). 

A suffident number of duplicate samples, spiked samples, post digestion spiked samples, 
and reagent blanks were analyzed to comply with the QA/QC protocol agreement 
between ASARCO and USEPA. 

Duplicate analyses were performed on samples SS-8, SS-10, SS-27, SS-33, SS-43, SS-48, 
SS-52, SS-58A, SS-59, and SS-62. All relative percent differences (RPDs) between 
dupUcate analyses were within the ±.20 percent quaUty control limits. 

Spike sample recoveries were reported for samples SS-3, SS-8, SS-27, SS-43, SS-63A and 
SS-70 and all were within the ±25 percent control limits. The laboratory reported that 
the spike was unsuitable for the arsenic, lead, copper, sUver, and zinc analyses of samples 
SS-27 and SS-43; and the arsenic and silver analyses of sample SS-8. Post-digestion spUce 
analyses were performed on these samples and the spike recoveries were all within the 



to: Projert FUe 
from: James Good, Quality Assurance Officer 
March 22, 1988 
Revised Febmary 6, 1989 
Page 4 

±15 percent control Umits. The laboratory also reported that the spike chosen was 
unsuitable for the range of sample values in the Febmary 10 arseruc analysis. No action 
was taken to qualify sample data based on spike recoveries. 

Initial calibration verification results were within the acceptable range for each standard. 
Two of the continuing calibration verification (CCV) samples analyzed on Febmary 11 
had recoveries for antimony (114.5 percent) that exceeded the 110 percent control Umit. 
Antimony results for soil samples associated with these CCVs (SS-3, SS-6, SS-28, SS-36, 
SS-37, SS-40, SS-47 and SS-48) may be biased high and will be flagged as estunates (J). 

The correlation coeffidents calculated to assess the acceptability of standard curves were 
less than the 0.995 minimum for cadmium (0.993) and lead (0.994). All surficial soils 
results for these metals were flagged as estimates (J or N). 

Nine reference samples were analyzed for various metals and all results were within the 
certificate range given for each analysis. 

Metals were not deterted in any reagent blanks. 

The RPDs for field duplicates were generally less than 25 percent indicating high overall 
predsion in sampling and analyses. The RPD for antimony in samples SS-31A and SS-
31B was 36 percent. No artion was taken to qualify sample data based on field 
duplicate results. 

Other laboratory QA parameters tested were within limits established in the QA/QC 
protocol agreement. 

JG:kjr 
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M E M O R A N D U M 

to: 

from: 

re: 

Projert FUe 

James Good, QuaUty Assurance Officer 

November 2, 1988 
Revised January 31, 1989 

55-1643-03(024 IA) 

QA Review: ASARCO RI, Surfidal SoU Laboratory Results; Phase I EP 
Toxidty Metals 

This QA review includes the following samples analyzed by ASARCO for Extraction 
Procedure Toxidty metals: 

ASARCO I.D. 

87-9558 
87-9559 
87-9560 
87-9561 
87-9562 
87-9563 
87-9564 
87-9565 
87-9566 
87-9567 
87-9568 
87-9606 
87-96d7 
87-9608 
87-9609 
87-9610 
87-9611 
87-9612 
87-9613 
87-9614 
87-9615 
87-9616 
87-9837 
87-9838 
87-9839 
87-9840 

Parametrix I.D. 

SS-62 
SS-63A 
SS-63B 
SS-67 
SS-61 
SS-64 
SS-65 
SS-66 
SS-68 
SS-69 
SS-70 
SS-51 
SS-52 
SS-53 
SS-54 
SS-55 
SS-56 
SS-57 
SS-58A 
SS-58B 
SS-59 
SS-60 
SS-13 
SS-24 
SS-25 
SS-26 

Sample Date 

10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
11-03-87 
11-03-87 
11-03-87 
11-03-87 

Analysis Dates 

12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
12-29-87 to 2-3-88 
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87-9919 
87-9920 
87-9921 
87-9922 
87-9923 
87-9924 
87-9925 
87-9970 
87-9971 
87-9972 
87-9973 
87-9974 
87-9975 
87-10058 
87-10059 
87-10060 
87-10061 
87-10062 
87-10063 
87-10064 
87-10065 
87-10066 
87-10067 
87-10068 
87-10069 
87-10097 
87-10098 
87-10099 
87-10100 
87-10101 
87-10102 
87-10103 
87-10104 
87-10105 
87-10106 
87-10107 
87-10108 
87-10131 
87-10132 
87-10133 
87-10134 

SS-01 
SS-02 
SS-09A 
SS-09B 
SS-10 
SS-11 
SS-12 
SS-23 
SS-27 
SS-19 
SS-20 
SS-21 
SS-22 
SS-46 
SS-45 
SS-50 
SS-49 
SS-42 
SS-41 
SS-44 
SS-43 
SS-48 
SS-47 
SS-40 
SS-39 
SS-28 
SS-29 
SS-30 
SS-31A 
SS-3 IB 
SS-32 
SS-33 
SS-34 
SS-35 
SS-36 
SS-37 
SS-38 
SS-6 
SS.8 
SS-3 
SS-4 

11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-05-87 
11-05-87 
11-05-87 
11-05-87 
11-05-87 
11-05-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 

12-29-87 1 
12-29-87 1 
12-29-87 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 
12-29-87 1 

to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to .2-3-88 
.0 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 , 
to 2-3-88 
to 2-3-88 ' 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
to 2-3-88 
.0 2-3-88 • 
to 2-3-88 
to 2-3-88 
.0 2-3-88 J 
to 2-3-88 
.0 2-3-88 1 
.0 2-3-88 1 
0 2-3-88 
0 2-3-88 
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87-10135 SS-16 ll-ll-87_ 12-29-87 to 2-3-,88_„ 

These surfidal soU samples were coUected between Ortober 27 and November 11, 1987, 
and analyzed for EP Tox metjds between December 29, 1987 and Febmary 3, 1988. 
The 28-day holding time requfrement for mercury was exceeded by three weeks to more 
than one month, thus all mercury results were flagged as estimates (J or N). 

OrUy two standards and a blank were used to generate a standard curve for the 
quantitation of silver, but sUver was not deterted in any samples and no action was 
taken to qualify data. AU other standard curves were generated with a blank and three 
or more standards. 

The cortelation coefficient of the standard curve for cadmium (0.983) did not meet the 
0.995 technical criterion estabUshed forjudging the acceptability of standard curves, thus 
the foUowing cadmium results were flagged as estimates (J or N): 

SS-62 SS-68 SS-55 SS-13 SS-30 
SS-63A SS-69 SS-56 SS-24 SS-32 
SS-63B SS-70 SS-57 SS-25 SS-35 
SS-67 SS-51 SS-58A SS-26 SS-37 
SS-61 SS-52 SS-58B SS-41 SS-6 
SS-64 SS-53 SS-59 SS-48 SS-3 
SS-65 SS-54 SS-60 SS-47 

All initial (ICV) and continuing (CCV) calibration recoveries were within the certified 
ranges for each calibration standard. 

No metals were detected in the EP Tox analysis of reagent blanks, 

OiUy three laboratory dupUcate samples and three matrix spiked samples were analyzed 
for each metal resulting in frequendes of one per 23 samples. Although these 
frequendes did not meet the one-per-20-samples frequendes specified in the QA Plan, 
they were regarded as minor departures from protocol and no action was taken to qualify 
data. Laboratory dupUcate RPDs were all less than the 20 percent maximum quaUty 
control limit All spike recoveries were within the ±25 percent limits. 

The RPDs for arsenic (90 percent) and barium (120 percent) were high for field 
duplicates SS-63A and SS-63B, but were less than 25 percent for the other three 
dupUcate pairs. Field dupUcate RPDs were relatively high for SS-63A and SS-63B (57 
percent), SS-09A and SS-09B (89 percent), and SS-31A and SS-3 IB (30 percent). 
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The RPDs for lead m SS-63A and SS-63B (96 percent), and SS-09A and SS-09B (32 
percent) also were high. High field duplicate RPDs mdicated low overall predsion, but 
no quality confrol linuts were applied to these data. 

Other laboratory QA parameters tested were within limits established in the O A / Q C 
protocol agreement. 

JG:lqr 
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M E M O R A N D U M 

to: 

from: 

re: 

Projert File 

James Good, Quality Assurance Officer 

March 6, 1989 

55-1643-03(0241A) 

QA Review: ASARCO RI, Surfidal Soils Laboratory Results, Phase II; 
Total Metals and Percent Coarse Fragments 

This QA review includes the following samples analyzed by ASARCO for total metals 
and percent coarse fragments: 

ASARCO LD. 

88-8064 
88-8065 
88-8066 
88-8067 
88-8068 
88-8069 
88-8070 
88-8071 
88-8072 
88-8073 
88-8074 
88-8075 
88-8076 
88-8077 
88-8078 
88-8079 
88-8080 
88-8081 
88-8082 
88-8083 
88-8084 
88-8085 
88-8086 
88-8087 
88-8088 

Parametrix I.D. 

SS2-01 Cooling Pond 
SS2-02 CooUng Pond 
SS2-03 Cooling Pond 
SS2-04 Cooling Pond 
SS2-05 Cooling Pond 
SS2-06 Large Lot 
SS2-07 Large Lot 
SS2-08 I.arge Lot 
SS2-09 Large Lot 
SS2-10 I^irge Lot 
SS2-11 Large Lot 
SS2-12 Large Lot 
SS2-13 large Lot 
SS2-14 Large Lot 
SS2-15 I.arge Lot 
SS2-16 I-arge Lot 
SS2-17 Large Lot 
SS2-18 Medium Lot 
SS2-19 Medium Lot 
SS2-20 Medium Lot 
SS2-21 Medium Lot 
SS2-22 Medium Lot 
SS2-23 Medium Lot 
SS2-24 SmaU Lot 
SS2-25 SmaU Lot 

Sample Date 

10-20-88 
10-20-88 
10-20-88 
10-20-88 
10-20-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-20-88 
10-20-88 

Analvsis Date 

12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
12-09-88 
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A5ARCQ LD, 

88-8089 

88-8090 
• • 

Parametrix I.D. 

SS2-26 Coolmg Pond 
(Field DupUcate) 
SS2-27 large Lot 
(Field Duplicate) 

Sample Date. 

10-20-88 

10-20-88 

Analysis Date 

12-09-88 

12-09-88 

These surfidal soU samples were collerted on Ortober 20 and 21, 1988, and received by 
the laboratory on November 4. The 49 or 50 days between sample coUection and 
mercury analyses exceeded the 28-day holding time for mercury. All mercury results will 
be flagged as estimates (J). 

The percent recoveries of chromium in the laboratory control sample NBS-2704 (Buffalo 
River Sediment) (76 percent) were less than the 80 percent quality control limit. The 
laboratory noted that the "soft digestion" procedure was not amenable to total extraction 
of chronuum from this matrix. Recoveries of chromium in the laboratory control sample 
NBS-1645 (River Sediment) were within control limits as were matrix spike recoveries 
for chromium, thus no action was taken to qualify sample data. 

No pre-digestion matrix spiked samples were analyzed for lead, arseruc, and copper 
because the sample results were greater than four times the spike amount. 

Matrix spike recovery of antimony was 45 percent for sample SS2-01 and 28.5 percent 
for SS2-21. These results indicate that all antimony data may be biased low. All 
positive antimony results will be flagged as estimates (J) and negative antimony results 
will be flagged as estimated detection limits. 

The mercury results for sample SS2-17 was incortectly reported as 6.8 ppm. The 
laboratory is sending a corrertion sheet with the corrert result of 13.6 ppm. The 
laboratory is also sending a cortertion sheet to change the antimony result for sample 
SS2-09 from 13 ppm to <13 ppm. 

The relative percent differences (RPDs) between field duplicate samples SS2-03 and SS2-
26 were 99 percent for copper, 121 percent for mercury, 45.3 percent for zinc, and 
exceeded the CRQL for antimony. The RPD between field duplicate samples SS2-15 and 
SS2-27 was 63.6 percent for antimony. These results indicate low overaU predsion that 
may reflert the variabiUty of these metals in surfidal soils at the sites sampled. 

Other laboratory QA parameters tested were within control limits established in the 
projert QA plan. 

2198 



M E M O R A N D U M 

to: 

from: 

re: 

Projert FUe March 6, 1989 

James Good, Quality Assurance Officer 55-1643-03(0241A) 

QA Review: ASARCO RI, Phase II Surfidal SoUs EP Tox Metals 

This QA review includes the foUowing surficial soils samples analyzed by ASARCO for 
metals by the Extraction Procedures Toxidty method: 

I \ 

ASARCO I.D. 

88-8037 
88-8038 
88-8039 
88-8040 
88-8041 
88-8042 
88-8043 
88-8044 
88-8045 
88-8046 
88-8047 
88-8048 
88-8049 
88-8050 
88-8051 
88-8052 
88-8053 
88-8054 
88-8055 
88-8056 
88-8057 
88-8058 
88-8059 
88-8060 
88-8061 
88-8062 
88-8063 

Parametrix I.D. 

SS2-01 
SS2-02 
SS2-03 
SS2-04 
SS2-05 
SS2-06 
SS2-07 
SS2-08 
SS2-09 
SS2-10 
SS2-11 
SS2-12 
SS2-13 
SS2-14 
SS2-15 
SS2-16 
SS2-17 
SS2-18 
SS2-19 
SS2-20 
SS2-21 
SS2-22 
SS2-23 
SS2-24 
SS2-25 
SS2-26 
SS2-27 

CooUng Pond 
Cooling Pond 
Cooling Pond 
Cooling Pond 
Cooling Pond 
Large Lot 
Large Lot 
Large Lot 
Large Lot 
Large Lot 
Large Lot 
Large Lot 
Large Lot 
Large Lot 
Large Lot 
Large Lot 
Large Lot 
Medium Lot 
MecUum Lot 
Medium Lot 
Medium Lot 
Medium Lot 
Medium Lot 
Small Lot 
Small Lot 
Duplicate 
DupUcate 

Sampling Date 

10-20-88 
10-20-88 
10-20-88 
10-20-88 
10-20-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-20-88 
10-20-88 
10-20-88 
10-21-88 

Analvsis Date 

12-08-88 
12-08-88 
12-12-88 
12-08-88 
12-12-88 
12-08-88 
12-08-88 
12-08-88 
12-08-88 
12-12-88 
12-08-88 
12-08-88 
12-08-88 
12-12-88 
12-08-88 
12-08-88 
12-08-88 
12-08-88 
12-08-88 
12-12-88 
12-08-88 
12-12-88 
12-08-88 
12-08-88 
12-08-88 
12-08-88 
12-08-88 
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These surfidal soUs samples were coUerted on Ortober 20 and 21, 1988, and received 
by the laboratory on November 4, 1988. The 46 to 47 day holding time from sample 
coUection to analysis exceeded the 28-day holding time maximum for mercury. AU 
positive mercury results wiU be flagged as estimates (J) and all negative mercury results 
wiU be flagged as detection limit estimates (N). 

The initial calibration verification (ICV) percent recoveries for both seleruum analyses 
(113.5 percent) exceeded the 110 percent quality control limit and the first continuing 
calibration verification (CCV) sample recovery (87.5) was less than the 90 percent 
nunimum. Positive selenium results for samples SS2-01 and SS2-22 will be flagged as 
estunates (J) and negative selenium results for SS2-02 and SS2-15 wUl be flagged as 
detection limit estimates (N), 

Two field duplicate samples were analyzed to provide indications of overaU predsion. 
The relative percent differences (RPDs) between field duplicate results were less, than 
25 percent except copper results for samples SS2r03 and SS2-26 (92 percent). The. high 
RPD for copper may indicate. a high degree of variabUity of extractable copper in the 
surfidal soils at this site. 

Other QA parameters tested were within the quality control limits established in the 
projert QA plan. 

JG:kjr 
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M E M O R A N D U M 

to: 

from: 

re: 

Projert FUe March 6, 1989 

James Good, QuaUty Assurance Officer 55-1643-03(0241A) 

QA Review: ASARCO RL Phase n Surfidal SoUs, Arsenic Deptii Smdy 

This QA review includes the foUowing samples analyzed for total arseruc by ASARCO: 

ASARCO I.D. 

88-8091 
88-8092 
88-8093 
88-8094 
88-8095 
88-8096 
88-8097 
88-8098 
88-8099 
88-8100 
88-8101 
88-8102 
88-8103 
88-8104 
88-8105 
88-8106 
88-8107 
88-8108 
88-8109 
88-8110 
88-8111 

Parametrix I.D. 

SS2-05A Cooling Pond 
SS2-05B Cooling Pond 
SS2-05C Cooling Pond 
SS2-06A T^rge Lot 
SS2-07B T.arge Lot 
SS2-07C I.arge Lot 
SS2-12A I.arge Lot 
SS2-12B I.arge Lot 
SS2-12C I^irge Lot 
SS2-14A I;irge Lot 
SS2-14B Targe Lot 
SS2-14C T;irge Lot 
SS2-18A Medium Lot 
SS2-18B Medium Lot 
SS2-18C Medium Lot 
SS2-21A Medium Lot 
SS2-21B Medhim Lot 
SS2-21C Medium Lot 
SS2-24A Small Lot 
SS2-24B SmaU Lot 
SS2-24C SmaU Lot 

Sampling Date 

10-20-88 
10-20-88 
10-20-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-21-88 
10-20-88 
10-20-88 
10-20-88 

Analysis Date 

11-30-88 
11-30-88 
11-30-88 
11-30-88 . 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 

\.. ;:./ 

- . ' _ • ' . 

• 

) 

1 

These soU samples were coUerted on Ortober 20 and 21, 1988, and received by the 
laboratory on November 4, 1988. All samples were analyzed well within the sbc-month 
holding time Umit 
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The matrix spUce recovery of arsenic for sample 88-8091 (127.5 percent) exceeded tiie 125 I 

percent quaUty control limit. AU positive arseruc results wiU be flagged as estimates (J). | 

Other QA parameters tested were withm Umits established in the projert QA plan. , 

JG:kjr 
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M E M O R A N D U M 

to: Projert FUe ' September 27, 1988 
Revised November 11, 1988 

from: James Good, (QuaUty Assurance Officer 55-1643-03 (0241A) 

re: MEMORANDUM SI QA Review: ASARCO RI, Surfidal SoU Laboratory 
Results; Phase I Organic Compounds 

This QA review includes the foUowing samples analyzed by Lancaster Laboratories, Inc.: 

i 

V 

( " • • -

i; 

i 

(' 
j 

1 - • 

( . 

LLI LD. 

1207986 
1207987 
1207995 
1207996 
1207997 
1207998 
1207999 
1208000 
1208001 
1208002 
1208003 
1208004 
1208005 
1208007 

Parametrix LD. 

SS-69 
SS-70 
SS-62 
SS-63A 
SS-63B 
SS-67 
SS-61 
SS-64 
SS-65 
SS-66 

(Duplicate) 

SS-68 (Unspiked Soil) 
Matrix 
Matrix 

SpUce 
Spike Duplicate 

Method Blank 

Sample Date 

10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 

<_ 
— 
_ 

Extraction Date 

11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 

Analysis Date 

11-16-87 
11-16-87 
11-06-87 
11-06-87 
11-07-87 
11-07-87 
11-07-87 
11-07-87 
11-07-87 
11-07-87 
11-07-87 
11-07-87 
11-07-87 
11-07-87 

These surfidal soU samples were coUerted on Ortober 27, 1987 and extracted for PCB 
analysis on November 4, 1987. The eight-day holdfrig time to extraction exceeded the 
seven-day holding time requfrement for PCCB extractioit The percent relative standard 
deviation (% RSD) of sample peak response fartors was nearly 50 percent for some PCB 
chromatogram peaks indicating poor Unearity of calibration fartors. PCBs were not 
deterted in any samples, and negative results wiU be flagged as detertion limit estimates 
(N). 

The semi-volatUe matrix spiked recoveries of 4-chloro-3-methylphenol (136 percent) and 
pyrene (191 percent) exceeded control Umits of 103 and 142 percent respectively. The 
duplicate matrix spiked recovery of pyrene (214 percent) also exceeded the 142 percent 
limit And the relative percent difference (RPD) between MS and MSD results for 4-
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chloro-3-methylphenol (51 percent) exceeded the 33 percent lunit. These compounds 
were not deterted in samples and other MS/MSD results were within control limits, thus 
no action was taken to qualify data. 

LLI #1207986 (SS-69) 

The semi-volatile intemal standard areas for chrysene-dl2 and petylene-dl2 were less 
than the lower control limits. The laboratory reported that the matrix of the sample 
affected internal standard integration as evidenced by the total ion ciurent profile. 
Results for pyrene, butylbenzyl phthalate, 3,3-(Uchlorobenzidine, benzo(a)anthracene, bis 
(2-ethylhexyl)phthalate, chrysene, di-n-octyl phthalate, benzo(b)fluoranthene, benzo (k) 
fluoranthene, benzo(a)pyrene, indeno(l,2,3-cd)pyrene, dibenz(a,h)antiiracene, and 
benzo(g,h,i)perylene will be flagged as estimates (J or N). 

The pestidde surtogate recovery of oxychlordane (58 percent) was less than the lower 
control Unut The semi-volatile surrogate recovery of terphenyl-dl4 (151 percent) 
exceeded the upper control limit. Recoveries of the other five semi-volatile surtOgate 
compounds were withm control limits, thus no artion was taken to quaUfy data. 

Other QA parameters tested were within control limits established in the QA plan. 

LLI #1207987 (SS-70) 

The 10.1 percent sample moisture content reported by the laboratory was the average of 
a re-mn analysis and a duplicate moismre analysis. The RPD between these two 
moisture content results was rune percent. 

The semi-volatile smrogate recoveries of 2-flurobiphenyl, nitrobeiizene-d5, and phenol-
d6 were below control limits in the initial, undiluted sample analysis. The sample was 
dUuted by a factor of ten and re-analyzed and these results were reported by the 
laboratory as the final sample data. The laboratory reported that the usual detection 
limits could not be attained due to the matrix of the sample or interferences observed 
in the GC/MS analysis. Surtogate recoveries for the dilution fartor ten (DFIO) mn were 
not reported on the surtOgate recovery QC form, but the recoveries for 2-flurophenol, 
phenol-d6, nitrobenzene-d5, 2-flurobiphenyl, and 2,4,6-tribromophenol were all below 
control limits on the quantitation report and the surtogate recovery of 2,4,6-
tribromophenol was less than ten percent. These results indicate that there may have 
been semi-volatUe compounds present in the sample that were not detected in the 
analysis. All sample results were below detertion Umits and they wiU be flagged as 
rejerted (R). 
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Senu-volatUe intemal standard areas of chrysene-dl2 and perylene-d 12 were below confrol, 
limits in the initial, undiluted sample analysis. The laboratoiy reported that the matrix 
of the sample afferted intemal standard integration as evidenced by the toted ion curtent 
profile or the dUution run of the sample. All DFIO intemal standard areas were within 
control limits. 

Other QA parameters tested were within control Umits established in the projert QA 
plarL 

LLI #1207995 rSS-62) 

Semi-volatUe intemal standard areas were below the lower control limits for chrysene-
dl2 and perylene-d 12 due to a significant matrix effert. Results for pyrene, butylbenzyl 
phthalate, 33-dichlorobenzidine, benzo(a)anthracene, bis(2-ethylhexyl)phthalate, chrysene, 
di-n-octyl phthalate, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, indeno r 
(l,2,3-cd)pyrene, dibenz(a,h)anthracene, and benzo(g,h,i)perylene wiU be flagged as . 
estimates (J or N). 

Other QA parameters tested were within confrol lunits estabUshed in the project QA 
plan. 

LLI #1207996 (SS-63A) 

The laboratory reported that benzo(b)fluoranthene and benzo(k)fluoranthene were not 
resolved under sample analysis conditions. The result reported for benzo(b)fluoranthene 
is the total for both isomers. 

The semi-volatile internal standard area for perylene-d 12 was below the lower control 
limit Results for di-n-octyl phthalate, benzo(b)fluoranthene, beiizD(k)fluoranthene, benzo 
(a)pyrene, indeno(l,23-cd)pyrene, dibenz(a,h)anthracene, and benzo(g,h,i)peiylene wiU be 
flagged as estimates (J or N). 

Other QA parameters tested were within control Umits established in the projert QA 
plan. 

LLI #1207997 (SS-63B) Duplicate 

The laboratoiy reported that benzo(b)fluoranthene and beiizo(k)fluoranthene were not 
resolved under sample analysis concUtions. The result reported for benzo(b)fluoranthene 
is the total for both isomers. 
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Other QA parameters tested were within confrol Umits established in the project QA 
plan. 

FIELD DUPLICATE ANALYSIS 

The relative percent difference (RPD) between the moismre contents of samples SS-66 
and SS-67 was less than one percent The RPD between fluoranthene results was 11 
percent and the RPD between pyrene results was seven percent. All other RPDs were 
zero percent. These results demonstrated high overall precision. 

LLI #1207998 (SS-67) 

The internal standard area of peiylene-dl2 was below the lower control Umits due to a 
significant matrix effect Results for di-n-octyl phthalate, benzo(b)fluoranthene, benzo 
(k)fluoranthene, benzo(a)pyrene, indeno(l,2,3-cd)pyrene, dibenz(a,h)anthracene, and 
benzo(g,h,i)perylene wiU be flagged as estimates (J or N). 

Other QA parameters tested were within control limits established in the project QA 
plan. 

LLI #1207999 (SS-61) 

The semi-volatile smrogate recoveiy of terphenyl-dl4 (14 percent) was less than the lower 
control Umit (18 percent). Recoveries of the other five semi-volatile surtOgate 
compounds were within control limits, thus no artion was taken to qualify data. 

Senu-volatUe internal standard areas were below the lower control limits for chrysene-
dl2 and perylene-dl2. Results for pyrene, butylbenzyl phthalate, 3,3'-dichlorobenzidine, 
benzo(a)anthracene, bis(2-ethylhexyl)phthalate, chrysene, di-n-octyl phthalate, 
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, indeno(l,2,3-cd)pyrene, 
dibenz(a,h)anthracene, and benzo(g,h,i)perylene will be flagged as estimates (J or N). 

Other QA parameters tested were within control lunits estabUshed in the project QA 
plan. 

LLI #1208000 (SS-64) 

The semi-volatile intemal standard areas were less than lower control limits for chrysene-
dl2 and perylene-dl2 in the irutial, undUuted sample analysis. The sample was diluted 
by a fartor of ten and the re-analysis of the cUluted sample resulted in all intemal 
standard areas within control Umits. The laboratory reported that the usual detection 
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limits could not be attained due to the matrbc of the sampl_e_or interferences observed 
in the GC/MS analysis. 

Other QA parameters tested were within confrol Umits established in the projert QA 
plan. 

LLI #1208001 fSS-65) 

All laboratory QA parameters tested were v̂ dthin QA limits established in the project QA 
plan. 

LLI #1208002 (SS-66) 

All laboratoiy QA parameters tested were within QA limits established in the project QA 
plan. 

LLI #1208003 (SS-68) Unspiked SoU -

The laboratoiy reported that benzo(b)fluoranthene and benzo(k)fluoranthene were not 
resolved under sample analysis conditions. The result reported for benzo(b)fluoranthene 
is the total for both isomers. 

Other laboratory QA parameters tested were within control limits established in the 
project QA plan. 

LLI #1208007 (Method Blank) 

No target compounds were detected in the method blank. A tentatively identified 
phthalane ester was estimated at 1.0 mg/kg at a detection probabiUty of 70 percent. 

Other laboratory QA parameters tested were within control Umits estabUshed in the 
projert QA plan. 
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M E M O R A N D U M 

to: 

from: 

re: 

Projert FUe 

James Good, Quality Assurance Officer 

Ortober 4, 1988 
Revised November 11, 1988 

55-1643-03 (0241A) 

MEMORANDUM S2 QA Review: ASARCO RI, Surfidal SoU_Labpratqry 
Results, Organic Compounds 

This QA review includes the following samples analyzed by Lancaster Labora­
tories, Inc.: 

LLI I.D, 

1208616 
1208617 
1208618 
1208619 
1208620 
1208621 
1208622 
1208623 
1208624 
1208625 
1208626 

1208627 
1208628 

1208638 

Parametrix I.D, 

SS-51 
SS-52 
SS-53 
SS-54 
SS-55 
SS-56 
SS-57 
SS-58A 
SS-58B (Duplicate) 
SS-59 
SS-60 
(UnspUced soU) 
Matrix Spike 
Matrix SpUce 
DupUcate 
Method Blank 

Sample Date. 

10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 

- . 
— 

— 

Extrartion Date . 

11-11-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 

11-11-87 
11-11-87 

11-11-87 

Analysis Date 

11-14-87 
11-13-87 
ll-D-87 
11-14-87 
11-14-87 
11-14-87 
11-14-87 
11-14-87 
11-14-87 
11-14-87 
11-14-87 

11-14-87 
11-14-87 

11-14-87 

These surfidal soU samples were coUerted on Ortober 28, 1987 and received by the 
laboratory on Ortober 30, 1987, TTie 14 days between sample collertion and exfraction 
for PCB analysis exceeded the seven-day holcUng time linut for this group of samples. 
All PCB and pestidde results wiU be flagged as estimates (J or N). The percent relative 
standard deviation (% RSD) of sample peak response fartors were less than 27 percent. 

The surtOgate recovery of 2,4,6-tribromophenol (128 percent) exceeded the 127 percent 
control limit in the matrix spike dupUcate sample. Surrogate recoveries of the other five 
compounds were within control limits, thus no artion was taken to qualify data. 



Semi-volatile intemal standard areas that were below control limits for chrysene-dl2 and 
perylene-dl2 in the straight mn were within limits in the DF20 analysis. 

Other laboratory QA parameters tested were within control limits established in the 
projert QA plan. 

LLI #1208617 (SS-52) 

DF20 results were reported, thus the detertion limits were 20 times higher than the 
CRDLs. Semi-volatile intemal standard areas that were reported as zero for the straight 
mn were all within control Umits in the DF20 analy­
sis. 

Other laboratoiy QA parameters tested were within control limits established in the 
projert QA plan. 

LLI #1208618 (SS-53) 

DF20 results were reported, thus the detertion limits were 20 tunes higher than the 
CRDLs. 

Other laboratory QA parameters tested were within control limits estabUshed m the 
projert QA plan. 

LLI #1208619 rSS-.54) 

The moisture content reported by the laboratory was the average moismre content of two 
aUquots of sample SS-54. The RPD between moisture content results was one percent. 

to: Projert FUe 
from: James Good, QuaUty Assurance Officer ) 
Ortober 4, 1988 i 
Revised November 11, 1988 
Page 2 ) 

The laboratory reported that the matrix spike and matrix spike dupUcate results are not 
applicable to sample results due to the dUutions of the spiked samples because of a 
matrix affert. The spiked samples were dUuted by a factor of twenty. 

LLI #1208616 (SS-51) 

Sample matrix mterference led the laboratoiy to re-analyze titie sample after diluting it 
by a factor of 20. DF20 results were reported, thus the detection limits were 20 times 
higher than the contract requfred detection limits (CRDLs). 



to: Projert FUe 
from: James Good, QuaUty Assurance Officer 
Ortober 4, 1988 
Revised November 11, 1988 
Page 3 

The percent surtOgate recoveiy of 2,4,6-tribromGphenol (124) exceeded the 122 percent 
control limit and the internal standard area for chrysene-dl2 was less than the lower 
control limit in the undiluted analysis of sample SS-54. The laboratory dUuted the 
sample by a fartor of 20 and DF20 data was reported in the final results. Detection 
limits reflert the dUution and are 20 times the CRDL. 

Other laboratory QA parameters tested were within control limits established in the 
projert QA plan. 

LLI #1208620 (SS-S5) 

The 15.7 percent moisture reported by the laboratory is the average of the origmal 
analysis and a duplicate analysis. The RPD between moisture content analyses was ten 
percent 

This sample was analyzed at DF20 and DFIO, but results were reported for the undUuted 
analysis. The 12-hour frequency control limit for MS/MSD analysis was exceeded by 39 
minutes for sample SS-55. No artion was taken to qualify results. 

Other laboratory QA parameters tested were within control limits estabUshed in the 
project QA plan. 

LLI #1208621 (SS-56) 

Sample SS-56 was mn straight analyzed at DFIO, and re-analyzed at the undiluted 
concentration. Results from the second DFl analysis were reported by the laboratory 
as the final results. The surtogate recovery of oxychlordane (41 percent) was less than 
the 80 percent QC Umit. PCBs were not deterted in sample SS-56 and the result was 
flagged as a detertion Umit estimate (N). 

Other laboratory QA parameters tested were withm control Umits established m the 
projert QA plan. 

LLI #1208622 (SS-57) . 

The laboratory reported that benzo(b)fluoranthene and beiizo(k)fluoranthene were not 
resolved under sample analysis conditions. The result reported for benzo(b)fluoranthene 
is the total for both isomers. 



to: Projert FUe 
from: James Good, QuaUty Assurance Officer 
Ortober 4, 1988 
Revised November 11, 1988 
Page 4 

The fluoranthene result for this sample was mcortertly reported. The laboratory sent a 
corterted analytical report with fluoranthene as received (0.8 mg/kg) and fluoranthene 
dry-weight (1.1 mg/kg). 

DF20 was analyzed first foUowed by a run of uncUluted sample. Data from the 
undiluted analyses were reported by the laboratory as the final results. The mteraal 
standard area for perylene-dl2 (17549) was less than tiie lower QC Umit (19987) in the 
undiluted analysis. Results for compounds quantitated using the perylene-d 12 standard 
(di-n-octyl phthalate; benzo(b)fluoranthene; benzo(k)fluoranthene; benzo(a)pyrene; 
indeno(l,2,3-cd)pyrene; dibenz(a,h)anthracene; and benzo(g,h,i)perylene) were flagged as 
estimates (J or N). 

Other laboratory QA parameters tested were within control limits established in the 
project QA plan. 

LLI #1208623 (SS-58A) 

The laboratory reported that the usual detection limits could not be attained due to the 
matrix of the sample or interferences observed in the GC/MS analysis. 

A DF20 analysis was performed by the laboratory, but all final results reported were 
from the DFIO analysis. 

Other laboratoiy QA parameters tested were within control Umits established in the 
projert QA plan. 

LLI #1208624 (SS-58B) Duplicate 

The laboratory reported that the usual detertion limits could not be attained due to the 
matrix of the sample or interferences observed in the GC/MS analysis. A DF20 analysis 
was performed by the laboratory, but all final results reported were from the DFIO 
analysis. 

Field Duplicate Analysis 

No target semi-volatUe organic compounds, PCBs or organochlorine pestiddes were ( 
deterted m samples SS-58A or SS-58B, tiius the RPDs for tiie dupUcate analysis of tiiese 
compounds were zero. ,̂ 
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LU #1208j25 (SS-59) 

The laboratory reported that the usual detection limits could not be attained due to the 
matrix of the sample or interferences observed in the GC/MS analysis. 

A DF20 analysis was performed by the laboratory, but aU final results reported were 
from the DF5 analysis. Semi-volatile surtogate recovery of 2,4,6-tribromophenol (323 
percent) exceeded the 122 percent control limit in the DF5 analysis. Percent recoveries 
of the other five semi-volatile organic compounds were within control limits, thus no 
artion was taken to quaUfy data. 

Other laboratory QA parameters tested were within control Umits established in the 
project QA plan. 

LLI #1208626 (SS-60) Unspiked Soil 

The laboratoiy reported that the usual detection limits could not be attained due to the 
matrix of the sample or interferences observed in the GC/MS anjdysis. 

DF20 data were reported in the final results for sample SS-60. 

Other laboratory QA parameters tested were within Umits established in the projert QA 
plan. 

LLI #1208638 Method Blank 

All laboratory QA parameters tested were within limits established in the project QA 
plan. No target organic compounds or pesticides were detected in the method blank 
indicating laboratory sample analysis procedures did not introduce significant 
contamination of samples. 

[ JG:kjr 

r 

2043 



i.. 

M E M O R A N D U M 

to: Projert FUe 

from: James Good, Quality Assurance Officer 

May 2, 1988 
Revised November 11, 1988 

55-1643-03 (0241A) 

re: MEMORANDUM S3 QA Review: ASARCO RL Surfidal Soil Laboratory Results; 
Phase I Organic Compounds 

This QA review includes the foUowing samples analyzed by Lancaster Laboratories, Inc.: 

LLI I.D. Parametrix I.D. Sample Date Extrartion Date Analysis Date 

1210620 
1210589 
1210590 
1210591 
1210592 
1210593 
1210594 
1210595 
1210596 
1210597 

SS-12 
SS-1 
SS-2 
SS-9A 
SS-9B (Duplicate) 
SS-10 
SS-11 Unspiked SoU 
Matrix SpUce 
Matrix Spike DupUcate 
Method Blank 

11-04-87 
11-03-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 

— 
— 

11-13-87 
11-13-87 
11-13-87 
11-13-87 
11-13-87 
11-13-87 
11-13-87 
11-13-87 
11-13-87 
11-13-87 

12-01-87 -
12-01-87 
12-01-87 
12-01-87 
12-01-87 
12-01-87 
12-01-87 
12-01-87 
12-01-87 
11-30-87 

These surficial soil samples were collected on November 4, 1987 and received by the 
laboratoiy on November 6, 1987. Extractions for PCBs were performed on November 
13, 1987. The nine-day holding time from sample collection to extraction exceeded the 
seven-day holding time established for water samples. Due to limited inforination 
concerrung holding times for soU samples, the water holding time criterion was appUed 
to soil samples. The percent relative standard deviation (% RSD) of sample peak 
response fartors was less than 27 percent Positive results for PCCBs wiU be flagged as 
estimated (J) and negative results wUl be flagged as detection limit estimates (N). 

LLI #1210620 (SS-12) 

The moismre content reported by the laboratory is the average moisture content of two 
aUquots of smaple SS-12. The RPD between moismre analyses was one percent 

Matrix spiked dupUcate recovery of pyrene exceeded the QC Umit This high recovery 
resulted m a h i ^ relative percent cUfference (RPD) between the matrix spiked and 



from: James Good, QuaUty Assurance Officer 
May 2, 1988 
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matrix spiked duplicate results for pyrene. The pyrene result for sample SS-12 wiU be 
flagged as an estimate (J). Other MS/MSD results were within control Umits. 

AU other laboratory QA parameters tested were within established limits. 

LIJ #1210589 (SS-01) 

DUution fartor 10 (DFIO) results were reported for phenanthrene, fluoranthene, pyrene, 
benzo(a)anthracene, chrysene, benzo(b)fluoranthene, and benzo(a)pyrene. Results 
reported for aU other compounds tested were dilution fartor one (DFl) values. 

The laboratory included the wrong Matrix Spiked Duplicate Analysis Form in the data 
package. MS dupUcate recovery of pyrene exceeded the upper QC limit and the RPD 
between matrix spiked and dupUcate matrix spiked samples exceeded control limits for 
pyrene on the cortect form. The pyrene result detected in this sample wiU be flagged 
as estimated (J). 

All other laboratory QA parameters tested were within established limits. 

LLI #1210590 (SS-02) 

DF 20 results were reported for naphthalene, acenaphthene, dibenzofuran, fluorene, 
phenanthrene, anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, 
benzo(b)fluoranthene, benzo(a)pyrene, benzo(g,h,i) perylene, and indono(l,2,3-c,d)pyrene. 
The DFl result was reported for dibenz(a,h)anthracene. 

The laboratory included the wrong Matrix Spiked Duplicate Analysis Form in the data 
package. MS duplicate recovery of pyrene exceeded the upper QC Umit and the RPD 
between matrix spiked and duplicate matrix spiked samples exceeded control limits for 
pyrene on the cortect form. The pyrene result deterted in this sample will be flagged 
as estimated (J). 

AU other laboratory QA parameters tested were within established Umits. 

LU #1210591 (SS-9A) 
1210592 (SS-9B) Duplicate 

The laboratory mcluded the wrong Matrix Spiked Duplicate Analysis Form m the data 
package. MS duplicate recovery of pyrene exceeded the upper QC Umit and the RPD 
between matrix spiked and dupUcate matrix spiked samples exceeded control Umits for 
pyrene on the cortect form. Pyrene was not deterted in the sample and other MS/MSD 
results were withui control Umits, thus no artion was taken to quaUfy data. 



I 

from: James Good, QuaUty Assurance Officer 
May 2, 1988 
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Page 3 

Intemal standard areas were high for sample 1210592. However, the analyst determined 
that with the maeased sensitivity he could detert any target compoimds present in the 
sample. 

Field Duplicate Analysis 

The relative percent difference (RPD) between the moisture content of sample SS-9A 
and that of SS-9B was one percent No semi-volatile target compounds or PCBs were 
deterted in either sample so the RPDs for these compounds are zero. These results 
indicate a high level of precision associated with field sampling. 

Other QA parameters tested were within control limits established in the project QA 
plan. 

LLI #1210593 (SS-10) 

DF 10 results were reported for phenanthrene, flouranthene, pyrene, benzo(a)anthracen"e, 
chrysene, benzo(b)fluoranthene, and benzo(a)pyrene. DFl results were reported for aU 

( other compouncis tested. 

Sample data for perylene-dl2 was improperly retrieved by the computer program causing 
{ the intemal standard area for this semivolatile compound to be reported as zero. The 
' cortected CLP Form 8 sent by the laboratory reported an internal standard area for 

perylene-d 12 that was within QC limits. 

) The laboratory included the wrong Matrix Spiked Duplicate Analysis Form m the data 
package. MS duplicate recovery of pyrene exceeded the upper QC Ifrnit and the RPD 

j between matrix spiked and dupUcate matrix spiked samples exceeded control Umits for 
/ pyrene on the correct form. The pyrene result detected in this sample wiU be flagged 

as estimated (J). 

i All other laboratory QA parameters tested were within estabUshed Umits. 

LLI #1210594 (SS-11) 

' > The laboratory included the wrong Matiix Spiked Duplicate Analysis Form m the data 
package. MS duplicate recovery of pyrene exceeded the upper QC Umit and the RPD 

I between matrix spiked and duplicate matrix spUced samples exceeded control limits for 
pyrene on the cortert form. Pyrene was not deterted in the sample and other MS/MSD 
results were within control limits, thus no action was taken to qualify data. 

I Internal laboratory QA results mdicated that organic analyses met other QA criteria. 
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LLI #1210597 (Method Blank) 

The laboratory included the wrong Matrix Spiked Duplicate Analysis Form in the data 
package. MS dupUcate recovery of pyrene exceeded the upper QC limit and the RPD 
between matrix spUced and duplicate matrix spUced samples exceeded confrol limiits for 
pyrene on the corrert form. Pyrene was not deterted in the sample and other MS/MSD 
results were within control limits, thus no action was taken to qualify data. 

All other laboratory QA parameters tested were within established limits and no orgaruc 
compounds were deterted in the method blank. 

. . ; 

0604 



M E M O R A N D U M 

to: Projert File September 30, 1988 
Revised November 11, 1988 

from: James Good, Quality Assurance Officer 55-1643-03 (0241A) 

re: MEMORANDUM S4 QA Review: ASARCO RI, Surficial Soil Laboratory 
Results, Orgaruc Compounds 

This QA review includes the following samples analyzed by Lancaster Laboratories, Inc.: 

LLI I.D. Parametrix I.D. Sample Date Extraction Date Analysis Date 

1210541 
1210542 
1210543 
1210544 
313 
313 
313 

313 

SS-13 
SS-24 
SS-25 
SS-26 
UnspUced SoU 
Matrix Spike 
Matrix SpUce 
Duplicate 
Method Blank 

11-03-87 
11-03-87 
11-03-87 
11-03-87 

— 
~ 
— 

.-

11-13-87 
11-13-87 
11-13-87 
11-13-87 
11-13-87 
11-13-87 
11-13-87 

11-13-87 

11-25-87 
11-25-87 
11-26-87 
11-26-87 
11-25-87 
11-25-87 
11-25-87 

11-25-87 

These soils samples were collected on November 3, 1987 and received by the laboratory 
on November 5, 1987. The 10 days between sample collection and extraction for PCB 
analysis exceeded the seven-day holding time limit for this group of samples. All PCB 
results wiU be flagged as detection limit estimates (N). 

The percent relative standard deviation (% RSD) of sample peak response factors in the 
PCB sample analyses were less than 15 percent 

LLI #1210541 (SS-13) 

( The laboratory reported that benzo(b)fluoranthene and benzo(k)fluoranthene were not 
I resolved under sample analysis conditions. The result reported for benzo(b)fluoranthene 

is the total for both isomers. 

( The laboratory computer system failed to properly pull the intemal standard areas for 
chrysene and perylene from the caUbration standard file. The laboratory sent a correrted 

( Form 8 with manually generated standard areas. 
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AU laboratory QA parameters tested were within control Umits estabUshed in the projert 
QA plan. 

LLI #1210542 (SS-24) 

All laboratory QA parameters tested were within control limits estabUshed in the projert 
QA plan. 

LLI #1210543 (SS-25) 

All laboratory QA parameters tested were within control limits established in the project 
QA plan. 

LLI #1210544 (SS-26) 

The laboratory reported that benzo(b)fluoranthene and benzo(k)fluoranthene were not 
resolved under sample analysis conditions. The result reported for benzo(b)fluoranthene 
is the total for both isomers. 

AU laboratory QA parameters tested were within control limits estabUshed in the projert 
QA plan. 

LLI #313 Method Blank 

All laboratory QA parameters tested were within control limits estabUshed in the project 
QA plan. No target organic compounds or PCBs were deterted in the method blank 
mdicating laboratory sample analysis procedures did not introduce significant 
containination to samples. 

JG:kjr 
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M E M O R A N D U M 

to: Project FUe September 30, 1988 
Revised November 11, 1988 

from: James Good, Quality Assurance Officer 55-1643-03 (0241A) 

re: MEMORANDUM S5 QA Review: ASARCO RI, Surfidal SoU Laboratory 
Results, Orgaruc Compounds 

This QA review includes the following samples analyzed by Lancaster Labora­
tories, Inc.: 

LLI LD, 

1211103 
1211104 
1211105 
1211106 
1211107 
1211108 
314 A 
314A 
314 A 

314 A 

Parametrbc I.D, 

SS-23 
SS-27 
SS-19 
SS-20 
SS-21 
SS-22 
Unspiked Soil 
Matrix Spike 
Matrix Spike 
DupUcate 
Method Blank 

Sample Date 

11-05-87 
11-05-87 
11-05-87 
11-05-87 
11-05-87 
11-05-87 

- . 
— 
~ 

— 

Extrartion Date 

11-13-87 
11-13-87 
11-13-87 
11-13-87 
11-13-87 
11-13-87 
11-13-87 
11-13-87 
11-13-87 

11-13-87 

Analysis Date 

11-20-87 
11-20-87 
11-20-87 
11-20-87 
11-23-87 
12-03-87 
11-17-87 
11-17-87 
11-17-87 

11-17-87 

; The 10 days between sample collection and extraction for PCB analysis exceeded the 
' seven-day holding time control limit for this group of samples. The laboratory also 

reported the PCB smrogate recovery of oxychlordane (52 percent) was less than the 
j lower control Umit in the method blank analysis. The percent relative standard deviation 
i (% RSD) of sample peak response factors were less than 28 percent AU PCB results^ 

will be flagged as estimates (J or N). 
( • 

( Semi-volatile orgarucs extrartions were performed on December 10, thus meeting the 
seven-day holding time requfrements. 
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LLI #1211103 (SS-23) J 

The laboratoiy reported higher than usual detection limits due to sample matrix ^ 
interference that requfred the sample to be diluted by a fartor of fire. "l 

Duplicate moismre content analyses had identical results (9.5 percent). 

All laboratory QA parameters tested were within control limits established in the project 
QA plan. 

LLI #1211104 (SS-27) 

The laboratory reported that benzo(b)fluoranthene and benzo(k)fluoranthene were not j 
resolved under sample analysis conditions. The result reported for benzo(b)fluoranthene 
is the total for both isomers. 

The moisture content result reported by the laboratory is the average moisture content ) 
of two aUquots of sample SS-27. The RPD between these duplicate moismre content 
results was four percent j 

The laboratory reported higher than usual detection limits due to sample matrix 
interference that required the sample to be diluted by a factor of five. 

AU laboratory QA parameters tested were within control limits established in the projert 
QA plan. , 

LLI #1211105 (SS-19) 

The original dilution factor five mn of sample SS-19 resulted in low recoveries of aU I 
semi-volatile surtogate compounds. The sample was re-mn straight and the semi-volatUe 
surtOgate recovery of terphenyl-dl4 (159 percent) exceeded the upper control limit (137 
percent). Percent recoveries of the other five surtogate compounds were within control ( 
limits for the re-mn and no action was taken to qualify results. 

The semi-volatUe intemal standard area for perylene-d 12 (15372) was less than the lower '̂  
control limit (17977) in the re-mn analysis reported. Results for di-n-octyl phthalate, ) 
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene, 
indeno(l,2,3-cd)pyrene, and benzo(g,h,i)perylene wiU be flagged as estimates (J or N). ) 

Other laboratoiy QA parameters tested were within control limits established in the 
project QA plan. 

J 

] 

I 
. . I 



to: Projert FUe 
( from: James Good, Quality Assurance Officer 
;' September 30, 1988 

Revised November 11, 1988 
, Page 3 

LLI #1211106 (SS-20) 

The laboratory reported that benzo(b)fluoranthene and benzo(k)fluoranthene were not 
resolved under sample analysis conditions. The result for beiizo(b)fluoranthene is the 
total for both isomers. 

The laboratoiy reported higher than usual detection limits due to sample matrix-
interference that required the sample to be dUuted by a factor of fire. 

The semi-volatile surtogate recovery of terphenyl-dl4 (150 percent) exceeded the upper 
control limit (137 percent). The other surrogate recoveries were within liihits, thus no 
action was taken to qualify results. 

Semi-volatile internal standard areas were less than lower control linuts for chrysene-
dl2 and perylene-d 12. The laboratory reported that the matrbc of the sample afferted 
intemal standard integration as evidenced by the total ion current profile or the dUution. 
mn of the sample. Results for the following compounds associated with these intemal. 
standards will be flagged as estimates: pyrene, butylbenzyl phthalate, 3,3-
dichlorobenzidine, benzo(a)anthracene, bis(2-ethylhexyl)phthalate, chrysene, cU-n-octyl 
phthalate, benzofluoranthenes, benzo(a)pyrene, indeno(l,2,3-cd)pyrene, dibeiiz(a,h) 
anthracene, and benzo(g,h,i)perylene. 

Other laboratory QA parameters tested were within control limits established in the 
project QA plan. 

LLI #1211107 (SS-21) 

The laboratory reported that the usual detection limits could not be attained due to the 
matrix of the sample or interferences observed in the GC/MS analysis. Low smrogate 
recoveries were observed in the extrartion and subsequent re-extrartion of sample SS-
21 indicating a significant matrix effert. Dilution factor five (DF5) and DF20 runs were 
analyzed prior to the DF50 analysis that was reported in the final results. 

The semi-volatile surtogate recovery of nitrobenzene-d5 was reported as zero in the DF50 
analysis. Negative results wUl be flagged as unusable (R) and positive results wiU be 
flagged as estimates (J). 

Other laboratory QA parameters tested were within control limits established in the 
project QA plan. 
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LLI #1211108 (SS-22) 

The laboratory reported that benzo(b)fluoranthene and benzo(k)fluoranthene were not 
resolved under sample analysis conclitions. The result for benzo(b)fluoranthene is the 
total for both isomers. 

The laboratory reported higher than usual detection limits due to sample matrix 
interference that required the sample to be diluted by a factor of five. The laboratory 
stated that the sample matrix affected intemal standard integration as evidenced by the 
total ion ciurent profUe or the dilution mn of the sample. Sample SS-22 was diluted by 
a fartor of five, re-injected and re-analyzed after the initial mn resulted in intemal 
standard areas for chrysene-dl2 and perylene-dl2 that were below control limits. Internal 
standard areas were all within control limits for the DF5 analysis. 

The senu-volatile surrogate recovery of terphenyl-dl4 (172 percent) exceeded the 137 
percent upper control limit in the initial analysis, but all surrogate recoveries were within 
limits in the DF5 analysis. No action was taken to qualify results. 

Other laboratory QA parameters tested were within control limits estabUshed m the 
project QA plan. 

LLI #314A Method Blank 

All laboratoiy QA parameters tested were within control limits established in the project 
QA plan. No target organic compounds or PCBs were detected in the method blank 
indicating laboratory sample analysis procedures did not introduce sigiuficant 
contamination to samples. 

JG:kjr 
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55-1643-03 (0241A) 

MEMORANDUM S6 QA Review: ASARCO RL Surficial SoU Laboratory 
Results; Orgaruc Compounds : _ 

This QA review includes the following samples analyzed by Lancaster Laboratories, Inc.; 
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1212025 
1212026 
1212027 
1212028 
1212029 
1212030 
1212032 
1212033 
1212034 
1212035 
1212036 
1212037 

1212038 
1212039 

1212040 

SS-44 
SS-43 
SS-48 
SS-47 
SS-40 
SS-39 
SS-46 
SS-45 
SS-50 
SS-49 
SS-42 
SS-41 1 
Soil 
Matrix 
Matrix 

Unspiked 

Spike 
Spike 

Duplicate 
Method Blank 
Sample 

11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 

~ 
~ 

~ 

11-17-87 
11-17-87 
11-17-87 
11-17-87 
11-17-87 
11-17-87 
11-17-87 
11-17-87 
11-17-87 
11-17-87 
11-17-87 
11-17-87 

11-17-87 
11-17-87 

11-17-87 

11-24-87 
11-24-87 
11-24-87 
11-24-87 
11-24-87 
11-24-87 
11-24-87 
11-24-87 
11-24-87 
11-18-87 
11-25-87 
11-23-87 

11-23-87 
11-23-87 

11-23-87 

These surficial soU samples were collerted on November 9, 1987 and received by the 
laboratory on November 11, 1987. The eight-day holding time from sample coUection 
to extrartion for PCBs exceeded the seven-day holding time established for water 
samples. Due to Umited information concerrung holding times for soU samples, the water 
holding time criterion was applied to soil samples. The percent relative standard 
deviation (% RSD) of sample peak response factors were less than 17 percent. Positive 
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results for PCBs wiU be flagged as estimated (J) and negative results wUl be flagged as 
detertion Umit estimates (N). 

The laboratory reported that the isomers benzo(b)fluoranthene and ben2o(k)flouranthene 
were not resolved under the sample analysis conditions. The results reported for 
benzo(b)fluoranthene are the total for both isomers. 

Matrix spike recovery (-347 percent) and duplicate matrix spike recovery (-18 percent) 
were below control limits for pyrene. All other MS/MSD results were within QC Umits. 
Positive pyrene results for these samples will be flagged as estimates (J) and negative 
pyrene results wUl be flagged as unusable (R). 

LLI #1212025 (SS-44) 

Dilution factor five (DF5) results were reported for phenanthrene, fluoranthene, and 
pyrene. DUution factor one (DFl) results were reported for all other compounds tested. 

Internal laboratory QA results indicated that other laboratory QA parameters tested were 
within limits established in the project QA plan. 

LLI #1212026 (SS-43) 

The moisture content reported by the laboratoiy is the average result from the analysis 
of two aUquots of the sample. The RPD between duplicate moismre analysis results was 
13 percent. 

Other laboratory QA parameters tested were within limits established in the project QA 
plan. 

LLI #1212027 (SS-48) 

The moismre content reported by the laboratory is the average result from the analysis 
of two aUquots of the sample. The RPD between duplicate moistme analysis results was 
two percent 

Other laboratory QA parameters tested were within limits estabUshed in the project QA 
plan. 

LLI #1212028 (SS-47) 

The laboratory reported that the computer did not properly retrieve the intemal standard 
area QC limits for perylene-dl2. A corterted CLP Form 8 semi-volatUe mtemal standard 
area summary sent by the laboratory shows the intemal standard area for perylene-dl2 
was within the QC Umits. 
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Other laboratory QA parameters tested were within Umits established in the projert QA 
plan. 

LLI #1212029 (SS-40) 

DFIO results were reported for phenanthrene, fluoranthene, pyrene, benzo(a)anthracene, 
chrysene, benzo(b)fluoranthene, and benzo(a)pyrene. The laboratory reported DFl 
results for aU other compounds tested. 

Semi-volatile intemal standard area results from the DFl analysis indicated the internal 
standard areas for chrysene-dl2 and perylene-d 12 were less than the lower QC limits. 
Intemal standard areas reported for the DFIO analysis of these compounds are within 
QC limits indicating there was a sample matrix problem. 

Other laboratory QA parameters tested were within limits estabUshed in the projert QA 
plan. 

LLI #1212030 (SS-39) 

PCB surtOgate recoveiy of oxychlordane was less than the lower QC Umit. The negative 
result reported for PCBs will be flagged as a detection limit estimate (N). 

Other laboratory QA parameters tested were within limits established in the projert QA 
plan. 

LLI #1212032 (SS-46) 

AU laboratory QA parameters tested were within limits established in the projert QA 
plan. 

LLI #1212033 (SS-45) 

DFIO results.were reported for phenanthrene, fluoranthene, pyrene, benzo(a)anthracene, 
chrysene, benzo(b)fluoranthene, and benzo(a)pyrene. The laboratory reported DFl 
results for aU other compounds tested. 

Semi-volatile intemal standard area results from the DFl analysis indicate the mternal 
standard areas for chrysene-dl2 and perylene-dl2 were less than the lower QC limits. 
Intemal standard areas reported for the DFIO analysis of these compounds are within 
QC Umits indicating there was a sample matrix problem. 
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Other laboratory QA parameters tested were within Umits established in the projert QA 
plan. 

LLI #1212034 (SS-5Q) 

AU laboratory QA parameters tested were within Umits established in the projert QA 
plan. 

LLI #1212035 (SS-49) 

Internal laboratory QA results indicated that laboratory QA parameters tested were 
within linuts established in the project QA plan. 

LLI #1212037 SS-41 (Un.spiked Soil Sample) 

DFIO results were reported for phenanthrene, fluoranthene, pyrene, benzo(a)anthracene, 
chrysene, and benzo(b)fluoranthene. The laboratory reported DFl results for aU other 
compounds tested. 

Other laboratory QA parameters tested were within limits established in the project QA 
plan. 

^ 
LLI #1212036 (SS-42) ,) 

DFIO results were reported for phenanthrene, fluoranthene, pyrene, benzo(a) anthracene, j 
chrysene, and benzo(b)fluoranthene. The laboratory reported DFl results for aU other \ 
compounds tested. 

Semi-volatile internal standard area results from the DFl analysis indicate the intemal | 
staridard area for perylene-dl2 was less than the lower QC limit. Intemal standard area 
reported for the DFIO analysis of perylene-d 12 was within QC Umits indicating there was , 
a sample matrix problem. ( 

PCB surtOgate recovery of oxychlordane was less than the lower QC limit 
/ \ 

Other laboratory QA parameters tested were within limits established in the project QA 
plan. 
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I LLI #1212040 (Method Blank Sample) 

I Other laboratory QA parameters tested were withm lunits established m the projert QA 
i . . .plan. _ No_ target organic compounds or PCBs were deterted in the method blank 

indicating laboratory sample analysis procedures cUd not introduce significant 
contamination of samples. 

^ JG:lcjr 
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55-1643-03 (0241A) 

MEMORANDUM S7 QA Review: ASARCO RL Surfidal SoU Laboratory 
Results; Phase I Organic Compounds 

This QA review includes the following samples analyzed by Lancaster Laboratories, Inc.: 

LLI I.D, Parametrix I.D. Sample Date Extraction Date Analysis Date 

1212221 
121???? 
1212223 
1212224 
1212225 
1212226 
1212227 
1212228 
121??,?9 
121??30 
121??31 
1212232 
317-A 
317-A 
317-A 
317-A 

SS-28 
SS-29 
SS-30 
SS-31A 
SS-3 IB (Duplicate) 
SS-32 
SS-33 
SS-34 
SS-35 
SS-36 
SS-37 
SS-38 
Unspiked Soil 
Matrix SpUce 
Matrix Spike DupUcate 
Method Blank 

11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 

— 
~ 
— 
~ 

11-17-87 
11-17-87 
11-17-87 
11-17-87 
11-17-87 
11-17-87 
11-17-87 
11-17-87 
11-30-87 
11-17-87 
11-17-87 
11-30-87 
11-17-87 
11-17-87 
11-17-87 
11-17-87 

11-18-87 
11-18-87 
11-18-87 
11-18-87 
11-19-87 
11-19-87 
11-19-87 
11-19-87 
12-01-87 
11-19-87 
11-19-87 
12-02-87 
11-17-87 
11-17-87 
11-17-87 
11-17-87 

Samples SS-35 and SS-38 were coUected on November 10, 1987 and received by the 
laboratory on November 12, 1987. Extractions for PCBs were performed on November 
30, 1987. The twenty-day holding time from sample collection to extraction exceeded the 
seven-day holding time established for water samples. Due to limited information 
concerrung holding times for soil samples, the water holding time criterion was appUed 
to soils. The percent relative standard deviation (% RSD) for sample peak response 
fartors were less than 25 percent Positive results for PCBs will be flagged as estimated 
(J) and negative results wiU be flagged as detection limit estimates (N) in samples SS-
35 and SS-38. 
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! 

The laboratory reported that the isomers benzo(b)fluoranthene and benzo(k)fluoranthene 
were not resolved under the sample analysis conditions. The result reported for ^ 
benzo(b)fluoranthene is the total concentration of both isomers. / 

LLI #1212221 (SS-28) 

Duplicate moisture analyses resulted in a RPD of 53 percent. A second dupUcate sample 
was analyzed resulting in a RPD of 17 percent. The average moismre content from the 
irutial analysis and the second duplicate were reported in the final results. 

Intemal laboratory QA results indicated that all QA parameters tested for organic 
analyses were within control limits established in the project QA plan. 

LLI #1212222 (SS-29) 

The moisture content result reported by the laboratory is the average moismre content 
of two aUquots of sample #1212222. The RPD between results of duplicate moismre 
analyses was 14 percent. 

Dilution factor five (DF5) results were reported for phenanthrene, fluoranthene, and 
pyrene. Dilution factor one (DFl) results were reported for all other orgaruc compounds 
tested. 

Internal laboratory QA results indicated that all QA parameters tested for organic 
analyses were within control limits established in the project QA plan. 

LLI #1212223 (SS-30) 

Dilution factor 5 results were reported for phenanthrene, fluoranthene, pyrene, and 
benzo(b)fluoranthene, DFl results were reported for all other organic compounds tested. 

Internal laboratory QA results indicated that aU QA parameters tested for organic 
analyses were within control limits established in the projert QA plan. 

LU #1212224 (SS-31A) 
#1212225 (SS-31B) Duplicate 

The laboratory reported DF5 results for phenanthrene, fluoranthene, pyrene, 
benzo(a)anthracene, chrysene, benzo(b)fluoranthene, and benzo(a)pyrene for sample SS-
31A. DF5 results for these compounds as well as indeno(l,2,3-cd)pyrene and benzo(g,h,i) 
perylene were reported for the duplicate sample. DFl results were reported for aU other 
organic compounds tested. 
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The intemal standard area reported for perylene-d 12 was below the lower control limit 
at DFl. The intemal standard area for this compound was within control Umits when 
DF5 analysis was performed indicating a sample matrix problem. 

Field Duplicate Analysis 

The relative percent differences calculated for the separate analysis of these dupUcate 
samples exceeded 35 percent for naphthalene, 2-methylnaphthalene, acenapthylene, 
acenaphthene, dibenzofuran, fluorene, phenanthrene, anthracene, and 2,6-dmitrotoluene. 
These high RPDs may indicate low precision m sample collection or analysis procedures, 
or may simply reflert the variability of semi-volatile organic compounds in the soils at 
this sampling site. 

Other laboratory QA parameters.tested were within limits established in the project QA 
plan. 

LLI #1212226 (SS-32) _ 

The laboratoty reported that the computer program did not properly retrieve the intemal 
standard area limits for l,4-dichlorobenzene-d4. The laboratory sent a corterted CLP 
Form 8 semivolatile intemal standard area summary including manually calculated limits 
for l,4-dichlorobenzene-d4 that show the internal standard area for this compound was 
within quality control Umits. 

Internal laboratory QA results indicated that all QA parameters tested for organic 
analyses were within control limits established in the project QA plan. 

LLI #1212227 (SS-33) 

The intemal standard area reported for perylene-d 12 was below the lower control limit 
at DFl. The internal standard area for this compound was within confrol limits when 
DF5 analysis was performed indicating a sample matrbc problem. 

Intemal laboratory QA results indicated that other QA parameters tested for organic 
analyses were within control limits established in the projert QA plan. 

LLI #1212228 (SS-34) 

Internal laboratory QA results indicated that all QA parameters tested for organic 
analyses were within control limits established in the projert QA plan. 



Other laboratory QA parameters tested were within limits established in the projert QA 
plan. 

1 
I 
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LLI #1212229 (SS-35) | 

The laboratory reported that the computer program did not properly retrieve the intemal , 
standard area lunits for l,4-dichlorobenzene-d4. The laboratoiy sent a corterted CLP I 
Form 8 including manuaUy calculated lunits for l,4-(Uchlorobenzene-d4 that show the ^ 
intemal standard area for this compound was within quality control limits. 

Intemal laboratory QA results indicated that all QA parameters tested for organic 
analyses were within control limits established in the project QA plan. 

) 

LLI #1212230 (SS-36) 

PCB surtOgate recovery was below the QC limit for oxychlordane. The negative result 
reported for PCBs will be flagged as a detection limit estimate (N). ,! 

DF5 results were reported for phenanthrene, fluoranthene, pyrene, 
benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(a)pyrene, and ) 
benzo(g,h,i)perylene. DFl results were reported for all other compounds tested. 

Intemal laboratory QA results indicated that all QA parameters tested for organic ( 
analyses were within control limits established in the project QA plan. 

LLI #1212231 (SS-37) \ 

PCB surtOgate recovery was below the QC limit for oxychlordane. The negative result 
reported for PCBs wiU be flagged as a detection limit estimate (N). { 

The laboratory reported that the computer did not properly retrieve the intemal standard 
area limits for l,4-dichlorobenzene-d4. The laboratory sent a correrted CLP Form 8 
including manually calculated limits for l,4-dichlorobenzene-d4 that show the intemal 
standard area for this compound was within quality control limits. 

Intemal laboratory QA results indicated that all QA parameters tested for organic 
analyses were within control Umits established in the projert QA plan. 

LLI #1212232 (SS-38) 

Dilution fartor one results were reported for all compounds tested. Intemal standard 
areas for chrysene-dl2 and perylene-dl2 were below the lower QA limits at DFl. 
Intemal standard areas were within QA limits when DF5 analysis was performed 
indicating a sample matrix problem. i 

1 

, j 
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LLI #317A Method Blank 

AU laboratory QA parameters tested were within limits established in the projert QA 
plan. No target organic compounds or PCBs were deterted in the method blank 
incUcating laboratory analysis procedures did not introduce significant contamination to 
the sample. 

^ 0606 



M E M O R A N D U M 

to: Projert FUe May 6, 1988 
November 11, 1988 

from: James Good, Quality Assurance Officer 55-1643-03 (0241A) 

re: MEMORANDUM S8 QA Review: ASARCO RI, Surfidal SoU Laboratory 
Results; Organic Compounds 

This QA review includes the following samples analyzed by Lancaster Laboratories, Inc.: 

LLI I.D. 

1212583 
1212584 
1212585 
1212586 
1212587 
1212588 
1212589 

1212590 

Parametrix I.D. 

SS-6 Unspiked 
SS-8 
SS-3 
SS-4 
SS-16 
Matrbc Spike 
Matrix Spike 
Duplicate 
Method Blank 

Sample Date 

SoU 11-11-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 

. . 

— 

- . 

Extraction Date, 

11-23-87 
11-23-87 
11-23-87 
11-25-87 
11-24-87 
11-24-87 
11-24-87 

11-24-87 

Analysis D^t? 

12-07-87 
12-07-87 
12-07-87 
12-07-87 
12-07-87 
12-07-87 
12-07-87 

12-07-87 

j These surficial soil samples were collected on November 11, 1987 and received by the 
I laboratory on November 13, 1987. The holding time to extraction for PCB analysis of 

these samples (12-14 days) exceeded the seven-day holding time established for water 
, samples. Due to limited iriformation concerrung holding times for soU samples, the water 

holding time criterion was applied to soil samples. The percent relative standard 
deviation (% RSD) for sample peak response factors were less than 25 percent. 
Negative results wUl be flagged as detection limit estimates (N). 

Matrix spiked recoveries exceeded QC limits for phenol and pentachlorophenol. These 
compounds were not deterted in the sample and other MS/MSD results were within 
control limits, thus no artion was taken to qualify data. 

LLI #1212583 (SS-6 Unspiked Soil Sample) 

The semi-volatile internal standard area was less than the lower QC limit for chrysene-
dl2. The laboratory reported that the GC/MS analyst determined oU mterference caused 
the low intemal standard area and a dilution was not necessary. Results for compoimds 



from: James Good, QuaUty Assurance Officer 
May 6, 1988 
Revised November 11, 1988 
Page 2 

quantitated using the intemal standard chrysene-dl2 (pyrene; butylbenzylphthalate; 3,3-
dichlorobenzidine, benzo(a)anthracene, bis(2-ethylhexyl)phthalate; and chrysene) wiU be 
flagged as estimates (J or N). 

Other QA parameters tested were within control Umits estabUshed m the projert QA 
plan. 

LLI #1212584 (SS-8) 

The moisture content result reported by the laboratory is the average moismre content 
of two aUquots of sample #1212584. The relative percent difference (RPD) between 
results of ciuplicate moismre anlayses was one percent. 

Intemal laboratory QA results indicated that internal standard area QC limits were 
exceeded for chrysene-dl2. Manual integration of the internal standard had been omitted 
from the original data package. Amended forms sent by the laboratoiy indicate that the 
manually integrated intemal standard area for chrysene-dl2 was within QC limits. 

Other QA parameters tested were within control limits established in the projert QA 
plan. 

LLI #1212585 (SS-3) 

The RPD between results of duplicate moisture analyses was two percent. 

Semi-volatile internal standard areas were less than the lower QC limits for 
acenaphthene-dlO, phenanthrene-dlO, chrysene-dl2, and perylene-dl2. The laboratory 
stated that a DFIO sample was mn for clarity and the results evidenced a sample matrix 
problem. 

Other QA parameters tested were within control limits established in the project QA 
plan. 

LLI #1212586 (SS-4) 

Matrix spiked recoveries exceeded QC limits for phenol and pentachlorophenol. These 
compounds were not deterted in the sample and other MS/MSD results were within 
control limits, thus no action was taken to qualify data. 

Other QA parameters tested were within control limits established in the project QA 
plan. 



from: James Good, QuaUty Assurance Officer 
May 6, 1988 
Revised November 11, 1988 
Page 3 

LLI #1212590 (Method Blank) 

All other laboratory QA parameters tested were within established limits and the 
laboratory reported that all orgaruc compounds and PCBs were less than detection limits 
m the method blank. The laboratory detected a trace (0.23 mg/kg) of bis(2-
ethylhexyl)phthalate in the method blank. This compound was not deterted in assodated 
samples, thus no action was taken to qualify results. 

JG:kjr 
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55-1643-03(024L\) 

MEMORANDUM S9 QA Review: ASARCO RI, SoU Laboratory Results; 
Phase I Organic Compounds 

This QA review includes the following samples analyzed by Lancaster Laboratories, Inc. 

LU I.D. 

1209940 
1209941 
1209942 
1209943 
1209944 
1209945 
1209946 
1209947 
1209948 
1299949 
1209951 

Parametrbc I.D. 

SS-MW4-S-1 
SS-MW5-S-1 
SS-MW7-S.1 
SS-MW8-S-1 
SS-MWlO-S-1 
SS-MWll-S-1 
SS-MW12-S-1 
SS-MW12-S-1 Unspiked 
Matrbc Spike 
Matrbc Spike Duplicate 
Method Blank 

Sample Date 

09-30-87 
09-29-87 
09-29-87 
10-01-87 
09-25-87 
09-22-87 
09-24-87 
09-21-87 

~ 
— 
— 

Extrartion Date 

11-12-87 
11-12-87 
11-12-87 
11-12-87 
11-12-87 
11-12-87 
11-12-87 
11-12-87 
11-27-87 
11-12-87 
11-12-87 

Analysis Date 

11-14-87 
11-14-87 
11-14-87 
11-14-87 
11-14-87 
11-14-87 
11-14-87 
11-14-87 
11-13-87 
12-02-87 
11-17-87 

These soU samples collected in late September, 1987 were not delivered to the laboratory 
for analyses until November 2, 1987. Sample holding times from coUection to extraction 
were 36 to 46 days for semi-volatUe organic compounds and 43 to 53 days for PCBs. 
Thus, the 10-day holding times required by the EPA were exceeded for samples 1209940-
1209947, The percent relative standard deviations (% RSD) of PCB sample peak 
response fartors were less than 27 percent. All positive PCB and semi-volatUe organics 
results reported for these samples will be flagged as estimated (J) and aU negative results 
will be flagged as detection Umit estimates (N). 

The 12-hour GC/MS mning frequency requirement was exceeded during the analysis of 
remjected samples SS-MW4-S-1, SS-MW5-S-1, and the matrix spUce sample. This was 
considered a minor departure from laboratory protocol and no action was taken to 
qualify results. 
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LLI #1209940 (SS-MW4-S-1) 

The moismre content reported by the laboratory is the average moisture content of two 
aUquots of sample #1209940. The RPD between duplicate moismre anlayses was two 
percent. 

The relative percent differences (RPDs) between matrix spiked and dupUcate matrix 
spiked samples exceeded QC Umits for the PCBs aroclor 1242 and aroclor 1260. The 
PCB result for sample SS-MW4-S-1 will be flagged as an estimate (J). 

Accuracy, as measured by semi-volatile organics spike recoveries, was observed to exceed 
laboratory control limits for phenol, pentachlorophenol, and 2,4-dinitrotoluene. These 
compounds were not detected in the sample and other MS/MSD results were within 
control limits, thus no action was taken to quality data. 

Other QA parameters tested were within control limits established in the projert QA 
plan. 

LLI #1209941 (SS-MW5-S-1) 

The moismre content reported by the laboratory is the average moismre content of two 
aUquots of sample #1209941. The RPD between moismre content analyses was three 
percent. 

The laboratory reported that the isomers benzo(b)fluoranthene and benzo(k)fluoranthene 
were not resolved under the sample analysis conditions. The result reported for 
benzo(b)fluoranthene is the total concentration of both isomers. 

The RPDs between matrix spiked and duplicate matrix spiked samples exceeded QA 
Umits for the PCBs aroclor 1242 and aroclor 1260. The PCB result for sample SS-MW5-
S-1 wiU be flagged as a detertion limit estimate (N). 

Accuracy, as measured by spike recoveries, was observed to exceed laboratory control 
limits for phenol, pentachlorophenol, and 2,4-dinitrotoluene. These compounds were not 
detected in the sample and other MS/MSD results were within control limits, thus no 
action was taken to qualify data. 

SurtOgate recovery of phenol-d5 (1 percent) was less than 10 percent for the semi-volatUe 
analysis of sample 1209941. All positive results wiU be flagged as estimates (J) and aU 
negative results wiU be flagged as unusable (R), 
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Other QA parameters tested were within the control limits established ui the projert QA 
plan. 

LLI #1209942 (SS-MW7-S-1) 

The laboratOty reported that the isomers benzo(b)fluoranthene and benzo(k)fluoranthene 
were not resolved under the sample analysis conditions. The result reported for 
benzo(b)fluoranthene is the total concentration of both isomers. 

Dilution factor five (DF5) results were reported for all eight orgaruc compoimds deterted 
m sample 1209942. 

The RPDs between matrbc spiked and duplicate matrix spiked samples exceeded QC 
Umits for the PCBs arodor 1242 and arodor 1260. The PCB result for sample SS-MWT-
S-1 will be flagged as a detection Umit estimate (N). 

Accuracy, as measured by spike recoveries, was observed to exceed laboratoiy control 
limits for phenol, pentachlorophenol, and 2,4-dinitrotoluene. These compounds were not 
detected in the sample and other MS/MSD results were within control limits, thus no 
action was taken to qualify data. 

Semi-volatile internal standard areas were less than the lower QC limits for 1,4-
dichlorobenzene-d4, naphthalene-d8, acenaphthene-dlO, chiysene-dl2, phenanthrene-dlO, 
and perylene-d 12. The laboratory reported that internal standard areas were witiun 
control limits following dilution and re-injection indicating there had been a sample 
matrix problem. 

Other QA parameters tested were within control limits established in the projert QA 
plan. 

LLI #1209943 (SS-MW8-S-1) 

Semi-volatile surtogate recoveries were less than QC limits for all compounds tested. 
FoUowing re-extraction, aU surrogate recoveries were within control Unuts. 

The RPDs between matrix spiked and duplicate matrbc spiked samples exceeded QC 
Umits for the PCBs arodor 1242 and aroclor 1260. The PCB result for sample SS-MW8-
S-1 will be flagged as a detection Umit estimate (N). 
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Accuracy, as measured by spike recoveries, was observed to exceed laboratory control 
Umits for phenol, pentachlorophenol, and 2,4-dinitrotoluene. These compounds were not 
deterted in the sample and other MS/MSD results were within control Umits, thus no 
action was taken to qualify data. 

Semi-volatile intemal standard areas were less than the lower QC Umits for naphthalene-
d8 and perylene-dl2. Following re-extraction, all semi-volatile intemal standard areas 
were within control limits. 

Other QA parameters tested were within the control limits established in the projert QA 
plan. 

LLI #1209944 (SS-MW10-S-1) 

Semi-volatUe surtOgate recoveries were less than QC limits for all compounds tested. 
Following re-extraction, all surrogate recoveries were within control linuts. • 

The RPDs between matrix spiked and duplicate matrbc spiked samples exceeded QC 
Umits for the PCBs aroclor 1242 and aroclor 1260. The PCB result for sample SS-
MWlO-S-1 wiU be flagged as a detection limit estimate (N). 

Accuracy, as measured by spike recoveries, was observed to exceed laboratory control 
limits for phenol, pentachlorophenol, and 2,4-dinitrotoluene. These compounds were not 
detected in the sample and other MS/MSD results were within control limits, thus no 
action was taken to qualify data. 

The semi-voIatUe internal standard area was not reported for perylene-d 12 and internal 
standard area QC limits were not reported for chrysene-dl2 and pyrene-dl2. An 
amended form submitted by the laboratory indicates that intemal standard area data were 
complete and within control limits following re-injection of the sample. 

Other QA parameters tested were within control limits established in the projert QA 
plan. 

LLI #1209945 (SS-MWll-S-1) 

The laboratoiy reported that the computer program did not properly retrieve the mteraal 
standard area limits for l,4-dichlorobenzene-dl4 and perylene-d 12. The laboratoiy sent 
a cortected form including manually calculated limits for l,4-dichlorobenzene-d4 and 
perylene-dl2 that indicated the intemal standard areas for these compounds were within 
QC limits. 

•i 

I 
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The RPDs between matrix spiked and dupUcate matrix spiked samples exceeded-QC 
Umits for tiie PCBs aroclor 1242 and aroclor 1260. The PCB result for sample SS-
MWll-S-1 wiU be flagged as a detertion limit estimate (N). 

Accuracy, as measured by spike recoveries, was observed to exceed laboratory control 
limits for phenol, pentachlorophenol, and 2,4-dirutrotoluene. These compounds were not 
detected in the sample and other MS/MSD results were within control Umits, thus no 
action was taken to qualify data. 

Semi-volatile surrogate recoveries were below QC limits for 2-fluorophenol, phenol-d5, 
and 2-fluorobiphenyl indicating unacceptable laboratory performance. All semi-volatile 
organics results for sample SS-MWll-S-1 will be flagged as estimates (J or N). 

Other QA parameters tested were within control limits estabUshed in the projert QA 
plan. 

LLI #1209946 (SS-MW12-S-1) 

Semi-volatUe surrogate recoveries were less than QC limits for all compounds tested. 
Following re-extraction, all surtogate recoveries were within control limits. 

RPDs between matrbc spiked and duplicate matrbc spiked samples exceeded QC limits 
for the PCBs arodor 1242 and arodor 1260. The PCB result for sample SS-MW12-S-
1 will be flagged as a detection limit estimate (N). 

Accuracy, as measured by spike recoveries, was observed to exceed laboratory control 
limits for phenol, pentachlorophenol, and 2,4-dinitrotoluene. These compounds were not 
detected in the sample and other MS/MSD results were within control limits, thus no 
action was taken to qualify data. 

LLI #1209947 (SS-MW12-S-1. Unspiked Soil Sample) 

The RPDs between matrix spiked and duplicate matrbc spiked samples exceeded QC 
limits for tiie PCBs aroclor 1242 and aroclor 1260. The PCB result for the unspiked soU 
sample wiU be flagged as a detertion limit estimate (N). 

Accuracy, as measured by spike recoveries, was observed to exceed laboratoiy control 
limits for phenol, pentachlorophenol, and 2,4-dinitrotoluene. These compounds were not 
detected in the sample and other MS/MSD results were within control limits, thus no 
action was taken to quaUfy data. 
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Other QA parameters tested were within control limits established in the projert QA 
plan. 

LLI #1209951 (Method Blank) 

The RPDs between matrix spiked and dupUcate matrix spiked samples exceeded QC 
limits for the PCBs aroclor 1242 and aroclor 1260. The PCB result for this method 
blank will be flagged as a detection limit estimate (N). 

Accuracy, as measured by spike recoveries, was observed to exceed laboratory control 
linuts for phenol, pentachlorophenol, and 2,4-dinitrotolu6ne. These compounds were not 
detected in the sample and other MS/MSD results were within control limits, thus no 
action was taken to quaUfy data. 

Other QA parameters tested were within limits established in the projert QA plan. No 
target organic compounds or PCBs were detected in the method blank. indicating 
laboratory sample analysis procedures did not introduce significant contamination of 
samples. 

0609 
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M E M O R A N D U M 

to: 

from: 

re: 

Project FUe 

James Good, Quality Assurance Officer 

June 20, 1988 
Revised Febmary 6, 1989 

55-1643-03(0241A) 

QA Review: ASARCO RI, Surface Water Laboratory Results, Round 1; 
Metals and TSS 

This QA review includes the following samples analyzed by ASARCO for metals and 
total suspended soUds (TSS): 

ASARCO I.D. 

88-1111 
88-1112 
88-1113 
88-1114 
88-1115 
88-1116 
88-1117 
88-1118 
88-1119 
88-1120 
88-1121 
88-1122 
88-1123 
88-1124 
88-1125 
88-1126 
88-1127 
88-1128 
88-1129 
88-1130 
88-1131 
88-1132 
88-1133 

Parametrix LD. 

SP-1 (seep grab) 
SP-2 (seep grab) 
SP-4 (seep grab) 
SP-5 (seep grab) 
2°A (outfall grab) 
2°B (outfall grab) 
2°C (outfall grab) 
2°D (outfall grab) 
SW-7 (composite) 
SW-1 (composite) 
SW-2 (composite) 
SW-8 (composite) 
SW-3 (composite) 
SW-4 (composite) 
SW-13 (composite) 
SW-5 (composite) 
SW-6 (composite) 
SW-12 (composite) 
SW-11 (composite) 
SW-9 (composite) 
SW-13 (duplicate) 
SW-70 (field blank) 
SW-10 (composite) 

Sample Date 

01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 

Analysis Date 

03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-17-88 
03-28-88 
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These surface water samples were collerted on January 28 and received by the laboratory 
on Febmary 1, 1988. Total suspended solids were analyzed on Febmary-3. Mercury was 
analyzed weU within the 28-day holding time requfrement and aU metals analyses were 
completed well withm the sbc-month limit 

The quality control sample frequency of five percent spedfied in the QuaUty Assurance 
Plan was generally achieved for surface water metals analyses. No blanks were analyzed 
with the graphite fumace analysis of lead, thus the positive dissolved lead results for 
samples SW-1, SP-5, and SW-11 will be flagged as estimates (J). 

The percent recovery of dissolved lead (116 percent) exceeded the 110 percent control 
limit for the continuing calibration verification of reference sample WP386 in cup #17 
of the graphite furnace analysis. This indicates the positive dissolved lead result for 
sample SW-1 may be biased high and provides further evidence for quaUfying it as 
estimated. 

The laboratory flagged the furnace AA dissolved lead result for sample SWl with a "W 
according to CLP protocol because the spike recovery (138 percent) exceeded the 115 
percent quality control Umit. The "W" flag will be changed to "J" to comply with Data 
Validation GuideUnes. 

No metals were detected in laboratory blanks or in the field blank indicating significant 
contamination of samples did not occur. 

The relative percent differences (RPDs) between laboratory duplicate analyses were all 
less than the 20 percent quality control limit indicating acceptable analytical predsioiL 
Overall predsion was measured by the RPDs between field duplicate samples. The RPD 
for total lead results in field duplicate samples of SW-13 exceeded 20 percent and the 
difference for cadmium exceeded ±CRQL, Quality control limits were not appUed to 
field duplicate RPDs. These results may reflect a high degree of variabiUty in metals 
content at this sampling site. 

Other laboratory QA parameters tested were within the limits established in the QA/QC 
protocol agreement 

JG:kjr 
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M E M O R A N D U M 

to: 

from: 

re: 

Project FUe 

James Good, Quality Assurance Officer 

January 17, 1989 
Revised Januaiy 31, 1989 

55-1643-03(0241A) 

QA Review: ASARCO RI, Surface Water Laboratory Results, Round 2; 
Metals and TSS 

This QA review includes the following samples analyzed by ASARCO for metals and 
total suspended solids (TSS): 

ASARCQ I,D. 

88-2056 
88-2057 
88-2058 
88-2059 
88-2060 

88-2061 
88-2062 
88-2063 
88-2064 
88-2065 
88-2066 
88-2067 
88-2068 
88-2069 

88-2070 
88-2071 
88-2072 
88-2073 
88-2074 
88-2075 
88-2076 

ParaiTietrbc I.D, 

SW-5 (composite) 
SW-6 (composite) 
SW-10 (composite) 
SW-11 (composite) 
SW-70 (Rinsate 
Blank) 
SW-13 (composite) 
SW-7 (composite) 
SW-1 (composite) 
SW-2 (composite) 
SW-3 (composite) 
SW-4 (composite) 
SW-9 (composite) 
SW-12 (composite) 
DUP (dupUcate of 
SW-13) 
SP-1 (seep grab) 
SP-3 (seep grab) 
SP-5 (seep grab) 
SP-2 (seep grab) 
SP-4 (seep grab) 
SW-llG (grab) 
A (outfaU grab) 

Sample Date 

03-22-88 
03-22-88 
03-22-88 
03-22-88 
03-??-88 

03-22-88 
03-22-88 
03-22-88 
03-22-88 
03-22-88 
03-22-88 
03-22-88 
03-22-88 
03-22-88 

03-22-88 
03-22-88 
03-22-88 
03-22-88 
03-22-88 
03-22-88 
03-22-88 

Analysis Date 

05-19-88 
06-23-88 
06-23-88 
06-23-88 
06-23-88 

06-23-88 
05-19-88 
06-23-88 
06-23-88 
06-23-88 _ 
06-23-88 
05-19-88 
06-23-88 
06-24-88 

06-23-88 , 
06-23-88 ;-
06-23-88 _ 
06-24-88 _ 
06-24-88 
06-24-88 
06-24-88 
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ASARCO LD, 

88-2077 
88-2078 
88-2079 
88-2080 

Parametrix I,D, 

B (outfall grab) 
• C (outfaU grab) 

D (outfaU grab) 
E (outfall grab) 

Sample Date 

03-22-88 
03-22-88 
03-22-88 
03-22-88 

Analysis Date 

05-19-88 - , 
06-24-88 
06-24-88 ' 
05-19-88 

These surface water samples were collected on March 22 and received by the laboratory 
on March 24, 1988. Total suspended solids were analyzed on March 29. Mercury was 
analyzed well within the 28-day holding time requirement and aU metals analyses were 
completed well within the sbc-month limit. 

The quality control sample frequency of five percent specified in the Quality Assurance 
Plan was generally achieved for surface water metals analyses. The frequency of blank 
analyses was only four percent for mercury, cadmium, copper and zinc; and only two 
percent for antimony. No blanks were tested with the flame AA analysis of arsenic, thus 
the total arsenic results quantitated for the following samples will be flagged as estimates 
(J): SW-5, SW-10, SW-11, SW-12, "A" outfall, "D" outfall, and the dissolved arsenic in 
SW-11. One field duplicate sample and one rinsate blank were collected and analyzed 
for a frequency of four percent. 

Dissolved, copper (13 ppb) and dissolved zinc (28 ppb) were detected in the rinsate blank 
sample SW-70 although total copper and total zinc were not detected in the rinsate. 
The contamination probably occurted during sample filtration in the ASARCO Tacoma 
laboratory where samples were exposed to dust The filtering was performed by the 
Parametrix field crew prior to sample shipment. Dissolved copper and dissolved zinc 
were deterted in the following samples at less than five times the blank concentrations 
and will be flagged as estimates (J): SW-13, SW-2, SW-4, SW-13FD, SP-1, SP-3, SP-5, 
and SP-2. Additionally, dissolved zinc results for the following samples wiU be flagged 
as estimates (J): SW-6, SW-7, SW-l, SW-3, SP-4, and A. 

The relative percent differences (RPDs) between field duplicate results for SW-13 and 
SW-13FD exceeded 20 percent for dissolved arsenic (31 percent) and total arsenic (38) 
percent indicating low overall predsion. The difference between total zinc results (16 
ppb) exceeded ± the detection Umit (8 ppb). Quality control limits were not appUed to 
field dupUcate RPDs, thus no artion was taken to qualify sample data. 

The laboratory flagged the total and dissolved lead results (E) for the graphite furnace 
AA analysis of sample SW-llG due to low spike recovery in accordance with USEPA 
CLP protocol. The qualifier was changed to a "N" to comply with Data VaUdation 
Guidelines. 

. I 
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Other laboratory QA parameters tested were within the limits established in the QA/QC 
protocol agreement. 

JG:kjr 
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M E M O R A N D U M 

to: 

from: 

re: 

Project FUe 

James Good, Quality Assurance Officer 

Januaiy 20, 1989 
Revised January 31, 1989 

55-1643-03 (0241A) 

QA Review: ASARCO RL Surface Water Laboratoiy Results, Round 3; 
Metals and TSS 

This QA review includes the following samples analyzed by ASARCO for metals and 
total suspended solids (TSS): 

ASARCO I.D. 

88-4039 
88-4040 
88-4041 
88-4042 
88-4043 
88-4044 
88-4045 
88-4046 
88-4047 
88-4048 
88-4049 
88-4050 
88-4051 
88-4052 
88-4053 
88-4054 
88-4055 
88-4056 
88-4057 
88-4058 
88-4059 
88-4060 
88-4061 

Parametrix I,D, 

SW-1 (Composite) 
SW-2 (Composite) 
SW-3 (Composite) 
SW-4 (Composite) 
SW-5 (Composite) 
SW-6 (Composite) 
SW-7 (Composite) 
SW-9 (Composite) 
SW-10 (Composite) 
SW-11 (Composite) 
SW-1 IB (grab) 
SW-12 (Composite) 
SW-13 (Composite) 
SW-14 (Duplicate of SW-13) 
SW-15 (Rinsate Blank) 
SEC A (OutfaU grab) 
SEC B (OutfaU grab) 
SEC C (Outfall grab) 
SEC D (Outfall grab) 
SEEP 1 (grab) 
SEEP 2 (grab) 
SEEP 4 (grab) 
SEEP 5 (grab) 

Sample Date 

06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 
06-01-88 -
06-01-88 
06-01-88 
06-01-88 

Analvsis Date 

07-19-88 
07-19-88 
07-19-88 
07-19-88 
07-19-88 
07-19-88 
07-19-88 
07-19-88 
07-19-88 
07-13-88 
07-13-88 
07-19-88 
07-19-88 
07-19-88 
07-19-88 
07-19-88 
07-13-88 
07-19-88 
07-13-88 
07-19-88 
07-19-88 
07-19-88 
07-19-88 
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Page 2 

These surface water samples were collected June 1 and received by the laboratory on 
June 3, 1988. Total suspended solids were analyzed on June 6. Mercury was analyzed 
weU within the 28-day holding time requirement and all metals analyses were completecl 
well within the six-month limit 

The quality control sample frequency of five percent specified in the Quality Assurance 
Plan was achieved for aU analyses. 

The initial calibration verification (ICV) recovery of antimony in the laboratory control 
sample ERA 9916 (88 percent) was outside the ± 10 percent control limits. All positive 
antimony results will be flagged as estimates (J) and all negative antimony results wiU 
be flagged as detection limit estimates (N). 

Dissolved zinc (15 ppb) and total zinc (8.0 ppb) were detected in the rinsate blank 
sample SW-15. Dissolved zinc results for SW-2, SW-7, SW-13, SW-14, SEEP 1, SEEP 
2, and SEEP 4 were less than five-times the blank concentration and will be flagged as 
estimates (J or N). Total zinc results for SW-13, SW-14, Seep 1, and Seep 2 were less 
than five-times the blank concentration and will also be flagged as estimates (J). 

Twenty-seven samples were analyzed for total and dissolved lead by graphite furnace 
atomic absorption spectraphotometry. Spike recoveries of dissolved lead in samples SW-
6 (122.8 percent) and SEEP 5 (83.9 percent) were outside the ± 15 percent quaUty 
control limits. The laboratory flagged dissolved lead results for these two samples "W 
in accordance with CLP protocol. The "W" flags will be replaced by "J" qualifiers to 
comply with Data Validation Guidelines. 

The laboratory reported that the TSS results for SW-1 and SW-2 were "lost in analysis", 
thus there are no TSS results for these two samples. 

Field notes indicated that sample SW-11 was a composite sample influenced by tide 
waters and SW-llB was a grab sample not affected by tides. 

The laboratory reported that dissolved zinc exceeded total zinc concentrations in samples 
SW6, SW-13, SW-15, SEEP 1, and SEEP 2. These results were confirmed by botii 
repeat analyses and direct aspiration of undigested samples. 

Other laboratory QA parameters tested were within the limits established in the QA/QC 
protocol agreement 

JG:kjr 
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to: Projert FUe 55-1643-03(024 IA) 

from: James Good, Quality Assurance Officer March 1, 1989 

re: QA Review: ASARCO RI, Tunnel Seep Surface Water Laboratory Results; 
Total Metals 

This QA review includes the following mnnel seep samples analyzed by ASARCO for 
total metals: 

ASARCO ID. 

89-1 
89-2 

Parametrix I.D. 

Seep-A 
Seep-B 

Date Sampled 

12-19-88 
12-19-88 

Date Analyzed 

02-02-89 
02-02-89 

These turmel seep samples were collected on December 19, 1989 and received by the 
laboratory on January 5, 1989. Mercury was analyzed on January 27, thus exceeding the 
28-day holding time requfrement. Mercury results will be flagged as estimates (J or N). 
All other metals analyses were completed well within the sbc-month holding time limit 

The arsenic result for sample Seep-A was incorrectly calculated as 255 ppm in the raw 
data but cortectiy reported as 1530 ppm in the sample analysis report No other ertors 
were detected and all QA parameters tested were within control linuts. No artion was 
taken to qualify mrmel seep data except mercury results flagged due to holding time 
violations. 

JG:kjr 
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M E M O R A N D U M 

to: 

from: 

re: 

Project FUe 

Bob SulUvan, (Quality Assurance Officer 

January 31, 1989 
55-1643-03(0241a) 

Revised: March 2, 1989 

MEMO # SW-1 
QA review: ASARCO RI/FS, Surface Water Laboratory Data 

This QA review includes the following samples analyzed by Lancaster Laboratories, Inc. 
(LU). - : 

Lancaster 
LD. # . 

1232734 
1232735 
1232736 
1232737 
1232738 
1232739 
1232740 
1232741 
1232742 
1232743 
1232744 
1232745 
1232746 
1232747 
1232748 
1232749 
1232750 
1232751 
1232752 
1232753 

Parametrbc 
LD, # . 

SP-4 
SP-2 
SP-1 
SEC-A 
SP-5 
SEC-B 
SW-7 
SEC-D 
SEC-C 
SW-1 
SW-8 
SW-2 
SW-3 
SW-4 
SW-13 
SW-6 
SW-12 
SW-11 
SW-9 
SW-13FD 

1232754 SW-70 Field Blank 
1231754 
BG DAY 34A 
MS DAY 34A 
MSD DAY 34A 

Metiiod Blank 
UnspUced 
M. SpUce 
M.SDup. 

Sample Date 

1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 
1/28/88 

— 
— 
~ -

— 

Extraction Date 

2/03/88 
2/03/88 
2/03/88 
2/08/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 
11/9/87 
11/9/87 

Analysis Date 

2/04/88 
2/04/88 
2/04/88 
2/12/88 
2/04/88 
2/05/88 
2/05/88 
2/09/88 
2/09/88 
2/09/88 
2/09/88 
2/08/88 
2/08/88 
2/08/88 
2/09/88 
2/09/88 
2/09/88 
2/09/88 
2/09/88 
2/11/88 
2/09/88 
2/05/88 
2/04/88 

11/25/87 
11/25/87 



to: Projert FUe #55-1643-03(0241a) 
from; Bob SuUivan, QuaUty Assurance Officer 
September 27, 1988 
Page 2 

These surface water samples were coUerted on 1/28/88 and generaUy extracted within 
the seven day limit and analyzed within the 40 day limit. The exceptions were samples 
1232737 (SEC-A) and 1232754 (Field Blank) which were re-extrarted after tiie seven 
day limit. The limits were not grossly exceeded so no quaUfications are deem necessary. 

The percent recovery and the relative percent difference (RPD) between the matrix spike 
and matrix spike duplicate samples fell withm the QC limits for aU eleven spike 
compounds. 

Three tentatively identified compounds were deterted in the Method Blank as well as in 
aU or most of the samples (at approximately the same concentrations). These compounds 
are 1,13-Tetradecadiene, Dichloromethane, and Tetrahydrofiiran. However no target list 
compounds were found in the blank so no action is deemed necessary. 

bis(2-ethylhexyl)phthalate was deterted at 52.9 mg/l in the unspiked sample but not 
deterted in the Matrix Spike or the Matrix Spike Duplicate samples. Smce Matrix Spike 
results are used for long-term evaluation of the laboratory predsion and accuracy no 
qualification to the data set is needed. 

All other laboratory QA parameters tested were within the limits established in the 
projert QA plan. 

LLI# 1232734 fSP-4) . ^ 

All QA parameters for this sample were within the limits estabUshed in the projert QA 
plan except for those general problems described above. 

LLI# 1232735 (SP-2) 

AU QA parameters for this sample were within the Umits established ui the projert QA 
plan except for those general problems described above. 

LLI# 1232736 fSP-1) 

AU QA parameters for this sample were within the limits established in the project QA 
plan except for those general problems described above. 
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LLI# 1232737 rSECA) 

This sample had to be re-exfrarted because smrogate recoveries of 2-nuorophenol, 
Terphenyl-dl4, and Nitrobeiizene-d5 were below the QA/QC limits and the intemal 
standard area for Perylene was also out of Umits. This re-extraction occurted beyond the 
seven day limit for holding time (15 days). Since the holding time was not grossly 
exceeded no qualifications are deemed necessary. 

There was no intemal standard area summary sheet for the re-extraction so one was 
requested from the laboratory. AU the other QA parameters for this sample were witiiin 
the Umits estabUshed in the projert QA plan except for those general problems described 
above. 

LLI# 1232738 fSP-5) 

The intemal standard area for Perylene was below QA/QC limits for this sample. 
Therefore the foUowing undetected compounds wiU be flagged as undeterted at the 
estimated detection Umit (N). 

Di-n-octyl Phthalate Benzo(b)fluoranthene 
Beiizo(k)fluoranthene Beiizo(a)pyrene 
Indeno(l,2,3-cd)pyrene Dibenzo(a,h) anthracene 
Benzo(g,h,i)perylene 

All the other QA parameters for this sample were within the limits estabUshed in the 
projert QA plan except for those general problems described above. 

LLI# 1232739 (SECB) 

The intemal standard area for Perylene was below QA/QC limits for this sample. 
Therefore the foUowing undeterted compouncis wiU be flagged as undeterted at the 
estimated detection limit (N). 

Di-n-octyl Phthalate Benzo(b)fluoranthene 
Benzo(k)fluoranthene Benzo(a)pyrene 
Indeno(12,3-cd)pyrene Dibenzo(a,h) anthracene 
Benzo(g,h,i)perylene 

AU the other QA parameters for this sample were within the limits established in the 
projert QA plan except for those general problems described above. 
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LLI# 1232740 fSW-T) 

AU QA parameters for this sample were within the limits established in the projert QA 
plan except for those general problems described above. 

LLI# 1232741 (SEC-D) 

AU QA parameters for this sample were within the limits established in the projert QA 
plan except for those general problems described above. 

LLI# 1232742 fSEC-C) 

AU QA parameters for this sample were within the limits established in the projert QA 
plan except for those general problems described above. 

LLI# 1232743 (SW-1) 

AU QA parameters for this sample were within the limits estabUshed in the projert QA 
plan except for those general problems described above. 

LLI# 1232744 (SW-8) 

AU QA parameters for this sample were within the limits estabUshed in the project QA 
plan except for those general problems described above. 

LLI# 1232745 (SW-2) 

All QA parameters for this sample were within the Umits established in the projert QA 
plan except for those general problems described above. 

LLI# 1232746 fSW-3) 

AU QA parameters for this sample were within the linuts established in the project QA 
plan except for those general problems described above. 
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LLI# 1232747 fSW-4) 

AU QA parameters for this sample were within the limits established in the projert QA 
plan except for those general problems described above. 

LLI# 1232748 rSW-13) 

AU QA parameters for this sample were within the Umits established in the projert QA 
plan except for those general problems described above. : - -

LLI# 1232749 fSW.6) 

Due to an insuffident sample volume, the detertion limits were higher than usual. AU 
the other QA parameters for this sample were within the Umits established in the"projert" 
QA plan except for those general problems described above. 

LLI# 1232750 (SW.12) 

All QA parameters for this sample were within the limits established in the projert QA 
plan except for those general problems described above. 

LLI# 1232751 (SW-11) 

Due to an insuffident sample volume, the detertion limits were higher than usual. All 
the other QA parameters for this sample were within the limits established in the projert 
QA plan except for those general problems described above. 

LLI# 1232752 (SW.9) 

AU QA parameters for this sample were within the limits established in the projert QA 
plan except for those general problems described above. 
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LL1# 1232753 (SW-13FD) 
i 

No compounds were deterted in either the sample or the dupUcate so RPDs could not ' 
be calculated. AU QA parameters for this sample were within the limits established in 
the projert QA plan except for those general problems described above. j 

LLI# 1232754 (Field Blank) 

On the first analysis of the field blank the surtogates were not included so the sample 
was re-exfrarted. This re-extraction exceeded the QA/QC holding time limits. The 
smrogate recovery of 2-Fluorophenol and Nitrobenzene were low for the subsequent 
analysis so the sample was re-analyzed. Since no compounds were deterted in any of 
the sample mns, no qualifications are necessary. 



M E M O R A N D U M 

to: 

from: 

re: 

Projert FUe . _ 

Bob SuUivan, QuaUty Assurance Officer 

Febmary 2, 1989 
55-1643-03(0241a) 

Revised: March 2, 1989 

MEMO # SW.2 
QA review: ASARCO RI/FS, Surface Water Laboratory Data — — 

This QA review includes the foUowing samples analyzed by Lancaster Laboratories, Incr 

Lancaster 
LD, # 

1248419 
1248420 
1248421 
1248682 

Parametrix 
LD, # 

SW-5 
SW-6 
SW-10 
SW-11 

1248683 SW-70 Field Dup 
1248934 Metiiod Blank 
BG DAY 089 
MS DAY 089 
MSD DAY 089 

UnspUced 
M. Spike 

M.S.Dup. 

Sample Date 

3/22/88 
3/22/88 
3/22/88 
3/22/88 
3/22/88 

— 
~ 
— 

— 

Extraction Date 

3/30/88 
3/30/88 
3/30/88 
3/30/88 
3/30/88 
2/03/88 
2/03/88 
2/03/88 
2/03/88 

Analysis Date 

4/05/88 
4/05/88 
4/05/88 
4/05/88 
4/05/88 
2/05/88 
2/04/88 
2/04/88 
2/04/88 

These surface water samples were collected on 3/22/88 and extrarted 8 days after 
sampling which exceeds the seven day holding time Umit. Since this cUd not grossly 
exceed the holding time limits, no qualifications are needed for the results. Samples 
were analyzed within the 40 day limit 

The percent recovery of 2,4-Dinitrotoluene in the Matrix Spike sample was 100% which 
exceeded the upper QA/QC limit of 96%. However, the relative percent difference 
(RPD) between the matrix spUce and matrix spike duplicate samples feU within the QC 
limits for aU eleven spike compoimds. Since the MS/MSD samples are used to examine-
the long-term precision and accuracy of the analytical procedure no quaUfication to this 
data is appropriate. 

One tentatively identified compound (1,13-Tetradecadiene) was deterted in the Method 
Blank as weU as aU the samples (at approximately the same concentrations). However, 
since no target list compoimds were found in the blank so no action is deemed necessaiy. 

All other laboratory QA parameters tested were within the limits established in the 
projert QA plan. 
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LLI# 1248419 (SW-S) 

AU QA parameters for this sample were within the Umits estabUshed in the projert QA 
plan except for those general problenfi described above. 

LLI# 1248420 fSW.6) 

AU QA parameters for this sample were within the limits established in the projert QA 
plan except for those general problems described above. 

LLi# 1248421 (SW-10) 

All QA parameters for this sample were within the limits estabUshed in the projert QA 
plan' except for those general problems described above. 

LLI<# H48682 (SW-11) 

Due to the insuffident volume of this sample, the detertion limits were higher than in 
othfer samples. AU the other QA parameters for this sample were within the UirutS' es­
tablished in the projert QA plan except for those general problems described above. 

LLI# 1248683 (Field Blank) 

All QA parameters for this sample were within the limits established in the project QA 
plan except for those general problems described above. 
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to: 

from: 

re: 

Project FUe 

James Good, QuaUty Assurance Officer 

Januaiy 9, 1989 
Revised Januaiy 31, 1989 

55-1643-03(0241A) 

QA Review: ASARCO RL Marine Sediment Laboratory Results: Phase 
I Total Metals 

This QA review includes the following marine sediment samples analyzed by ASARCO 
for total metals: 

ASARCO I.D. 

87-9551 
87-9552 
87-9553 
87-9554 
87-9555 
87-9556 
87-9557 
87-9598 
87-9599 
87-9600 
87-9601 
87-9602 
87-9603 
87-9604 
87-9605 
87-9621 
87-9622 
87-9623 
87-9624 
87-9625 
87-9626 
87-9627 
87-9628 
87-9629 
87-9841 
87-9842 

Parametrbc I.D. 

MSM-10-1 
MSM-10-2 
MSM-10-3 
MSM-10-4 
MSM-9-8 
MSM-9-7 
MSM-9-6 
MSM-9-1 
MSM-9-2 
MSM-11-2 
MSM-11-3 
MSM-11-9 
MSM-11-8 
MSM-11-7 
MSM-11-6 
MSM-11-5 
MSM-11-4 
MSM-9-3 
MSM-9-4 
MSM-9-5 
MSM-13-8 
MSM-13-7 
MSM-7-7 
Rep. 1 
MSM-13-6 
MSM-13-5 

Sample Datft 

10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-27-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-28-87 
10-29-87 
10-29-87 
10-29-87 
10-29-87 
10-29-87 
10-29-87 
10-29-87 
10-29-87 
10-29-87 
11-03-87 
11-03-87 

Analysis Pate 

1-26-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
1-26-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 

% • 

. . I 

• •• i 
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ASARCQ LP, 

87-9843 ' 
87-9844 
87-9845 
87-9926 
87-9927 
87-9928 
87-9929 
87-9930 
87-9932 
87-9933 
87-9934 
87-9993 
87-9994 
87-9995 
87-9996 
87-9997 
87-9998 
87-10070 
87-10071 
87-10072 
87-10073 
87-10074 
87-10075 
87-10076 
87-10077 
87-10078 
87-10109 
87-10110 
87-10111 
87-10112 
87-10113 
87-10114 
87-10115 
87-10136 
87-10137 
87-10138 
87-10139 
87-10140 

Parametrix I.D. 

MSM-13-4 
MSM-13-2 
MSM-13-3 
MSM-14-5 
MSM-14-4 
MSM-15-5 
MSM-15-4 
MSM-12-5 
MSM-12-4 
MSM-10-0 
MSM-11-1 
MSM-14-3 
MSM-14-2 
MSM-15-3 
MSM-15-2 
MSM-12-2 
MSM-12-3 
MSM-7-6 
MSM-7-5 
MSM-7-4 
MSM-7-3 
MSM-8-4 
MSM-8-3 
MSM-7-2 
MSM-8-2 
MSM-8-1 
MSM-7-1 
MSM-6-4 
MSM-6-3 
MSM-6-1 
MSM-6-2 
MSM-5-3 
MSM-5-2 
MSM-16-4 
MSM-16-3 
MSM-16-2 
MSM-16-1 
MSM-17-4 

Sample Date 

11-03-87 
11-03-87 
11-03-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-06-87 
11-06-87 
11-06-87 
11-06-87 
11-06-87 
11-06-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-10-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 

Analysis Dat9 

2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
1-26-88 
1-26-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
1-26-88 
2-2-88 
2-2-88 
1-26-88 
1-26-88 
1-26-88 
1-26-88 
2-2-88 
1-26-88 
1-26-88 
1-26-88 
1-26-88 
1-26-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
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ASARCO I.D, 

87-10141 
87-10142 
87-10143 
87-10144 
87-10145 . . 
87-10146 
87-10168 
87-10169 
87-10170 
87-10171 
87-10172 
87-10173 . .„ . . 
87-10273 
87-10274 
87-10433 
87-10434 
87-10435 
87-10436 
87-10437 
87-10438 
87-10515 
87-10516 
87-10517 
87-10518 
87-10519 
87-10520 
87-10521 
87-10522 
87-10523 
87-10691 
87-10692 
87-10693 
87-10694 
87-10695 
87-10696 
87-10697 
87-10698 
87-10699 

Parametrix LD. 

MSM-17-3 
MSM-17-2 
MSM-17-1 
MSM-18-2 
MSM-18-1 
Rep. 3 
MSM-19-2 
MSM-19-1 
MSM-20-1 
MSM-20-2 
MSM-18-3 

.. MSM-4.3 
MSM-13-1 
MSM-12-1 
MSM-2-3 
MSM-3-3 
MSM-3-2 
MSM-3-1 
MSM-4-0 
MSM-4-2 
MSM^-1 
MSM-5-1 
MSM-5-0 
Rep. 4 
MSM-21-1 
MSM-21-2 
MSM-21-3 
MSM-14.1 
MSM-6-0 
MSM-22-1 
MSM-22-22 ' 
MSM-22-3 
MSM-2-1 
MSM-2-2 
MSM-0-1 
MSM-0-2 
MSM-0-3 
MSM-1-1 

Sample Date -

11-11-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 
11-11-87 
11-12-87 
11-12-87 
11-12-87 
11-12-87 
11-12-87 
11-12-87 
11-17-87 
11-17-87 
11-18-87 
11-18-87 
11-18-87 
11-18-87 
11-18-87 
11-18-87 
11-19-87 
11-19-87 
11-19-87 
11-19-87 
11-20-87 
11-20-87 
11-20-87 
11-20-87 
11-20-87 
11-25-87 
11-25-87 
11-25-87 
11-25-87 
11-25-87 
11-25-87 
11-25-87 
11-25-87 
11-25-87 

Analysis Patg 

2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
1-26-88 
1-26-88 
1-26-88 
2-2-88 
2-2-88 
1-26-88 
1-26-88 
1-26-88 
1-26-88 
1-26-88 
1-26-88 
2-2-88 
1-26-88 
2-2-88 
2-2-88 
2-2-88 
1-26-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 
2-2-88 

r 
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These marine sediment samples were collected between Ortober 27 and November 25, 
1988. All metals analyses were completed within the sbc-month holcUng time requfrement 
for arsenic, copper, lead and zinc. The laboratory reported that the custody seals on 
sample containers were in deteriorated condition upon arrival at the laboratory. The seal 
was broken on the container for sample MSM-13-7 nd the jar lid was not tight. 

The quality control sample frequency of five percent called for in the QuaUty Assurance 
Plan was not achieved for aU marine sediment analyses. At least five field dupUcates, 
laboratory dupUcates, reagent blanks, laboratory control samples, and matrix spikes should 
have been analyzed to meet the five percent mirumum for the 99 samples. OrUy three 
field duplicate samples were analyzed for total metals. A fourth field duplicate (Rep. 
2) was sent to another laboratory for radiological analysis. 

No spike analyses or reagent blank analyses were mn with the flame atomic absorption i 
analysis of arseruc. Also, no laboratory duplicates were mn with the hycfride generation 
flameless AA analysis of arsenic. All arsenic results will be flagged as estimates (J) due 1 
to the insufficient quality control information regarding possible sample contamination,, 1 
analytical accuracy and analytical precision. 

' • ) 

Four spiked samples were analyzed for copper, lead and zinc on January 26 and 27 along j 
with several spiked blanks. Results of five spiked blanks were included for the Febmary 
flameless AA analysis of arseruc. ASARCO marine sediment samples were again used i 
for spike analyses on March 2, but these results do not apply to earlier laboratoiy tests. \ 
The lead result for MSM-14-3 (1.30 ug/ml) was incortectly reported as 0.91 ug/ml on 
the spike sample recoveiy report, and the correct spike recovery was 93 percent 

The laboratory reported that samples MSM-6-2 and MSM-13-1 were unsuitable for spUce * 
analyses. Post digestion spike analyses were performed on both samples and aU spike 
recoveries were within the ±.15 percent control limit. j 

The relative percent differences (RPDs) between metals results for sample MSM-4-1 and 
the field duplicate Rep. 4 were less than 25 percent. The RPDs between arsenic results j 
for MSM-9-5 and Rep. 1 (32 percent) and between MSM-16-4 and Rep. 3 (48 percent) ^ 
exceeded 25 percent indicating low overall precision. 

"( 

AU RPDs calculated for intemal laboratory duplicate analyses were within the 25 percent i 
control Umit demonstrating acceptable analytical predsion. The zinc result for MSM-1-
1 (118 ppm) was incortectly reported as 128 ppm on the duplicate sample analysis report i 
thus the corrert RPD value was 8.1 percent. .) 
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Metals were not deterted in any reagent blanks indicating significant sample contamina-_ 
tion did not occur in the laboratoiy. 

The initial calibration verification (ICC) percent recoveries of arsenic in the analyses of 
standard WP886-1 (71 and 72 percent) fell outside the 90 to 100 percent acceptance 
window indicating the flameless atomic absorption instmment was not properly caUbrated 
for arseruc. Three of the sbc continuing calibration verification recoveries were also 
outside the ±10 percent acceptance window. These results provided further evidence for 
flagging arsenic data as estimates (J). ICV reports dated March 2, 1988 are not 
associated with ASARCO marine sediment analyses. 

AT least one laboratory control sample (LCS) was mn at the beginning of each metal 
analysis, and additional reference samples were sometimes mn at the end of an analysis. 
The laboratory inadvertentiy included two lead results for reference sample NBS-1645, 
lead and zinc results for In-house Q.C. #52, and a lead result for In-house Q.C. #89 that 
were assodated with the analysis of soil samples. Also, the lead result reported for NBS-
1648 (6487 ppm) was associated with the soils analysis. The cortert result assodated 
with marine sediment samples was 6850 ppm, still within quaUty confrol limits for UCS 
recovery. Reference sample results dated March 2, 1988 are not assodated with 
ASARCO marine sediment analyses. 

Other QA parameters were within limits established in the project QA plan. 

JG:kjr / 

2164 
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Febmaiy 13, 1989 

QA Review: ASARCO RL Phase II Marine Sediment Laboratory Results; 
Total Metals 

This QA review includes the following marine sediment samples analyzed by ASARCO 
for total metals: ' . ,: •-

Date Analyzed 

08-11-88 
08-11-88 
08-10-88 
08-10-88 
08-11-88 
08-10-88 
08-11-88 
08-11-88 
08-11-88 
08-10-88 
08-10-88 
08-10-88 
08-10-88 
08-10-88 
08-11-88 
08-10-88 
08-10-88 
08-10-88 
08-11-88 
08-11-88 
08-11-88 
08-10-88 
08-10-88 
08-10-88 
08-11-88 
08-10-88 
08-11-88 
08-11-88 
08-10-88 

ASARCO ID. 

88-4300 
884599 
88-4600 
88-4601 
88-4602 
88-4603 
88-4604 
88-4605 
88-4606 
88-4607 
88-4608 
88-4619 
88-4620 
88-4621 
88-4623 
88-4624 
88-4625 
88-4626 
88-4630 
88-4631 
88-4632 . 
88-4637 
88-4638 
88-4639 
88-4640 
88-4700 
88-4702 
88-4703 
88-4837 

Paranietrix I,D, 

T16-4 
T16-1 
T12-1 
T5-0 
T18-2 
TlO-1 
TlO-2 
Tll-7 
T8-4 
T6-3 
T6-1 
T4-2 
T4.2 
T3-2 
T14-2 
T4-1 
T15-1 
T3-20 DupUcate 
T22-1 
T22-2 
T4-4 
T3-6 
T3-5 
T3-4 
T2-5 
T2A-5 
T2.6 
T2-60 DupUcate 
T4-1 Combined 

Date Sampled 

06-30-88 
07-06-88 
07-06-88 
07-07-88 
07-07-88 
07-07-88 
07-07-88 
07-07-88 
07-08-88 
07-08-88 
07-08-88 
07-11-88 
07-12-88 
07-12-88 
07-11-88 
07-11-88 
07-12-88 
07-12-88 
07-13-88 
07-13-88 
07-13-88 
07-14-88 
07-14-88 
07-14-88 
07-14-88 
07-15-88 
07-15-88 
07-15-88 
07-22-88 
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88-4838 
88-4839 
88-4840 
88-4841 
88-4842 
88-4843 
88-4844 
88-4845 
88-4846 
88-4847 
88-4848 
88-4849 
88-4850 
88-4851 
88-4852 
88-4890 
88-4891 
88-4892 
88-4893 

Projert File 
James Good, Quality Assurance Officer 

T4-1 Separated slag 
T4-1 Mbced 
T4-1 Native 
T4-2 Combined 
T4-2 Separated slag 
T4-2 Mbced 
T4-2 Native 
T14-2 Combined 
T14-2 Separated slag 
T14-2 Mbced 
T14-2 Native 
T15-1 Combined 
T15-1 Separated slag 
T15-1 Mbced 
T15-1 Native 
TO-2 
TO-3 
Tl-1 
T2-1 

07-22-88 
07-22-88 
07-22-88 
07-22-88 
07-22-88 
07-22-88 
07-22-88 
07-22-88 
07-?7--88 
07-22-88 
07-22-88 
07-22-88 
07-22-88 
07-08-88 
07-08-88 
08-01-88 
08-01-88 
08-01-88 
08-01-88 

55-1643-03(0241A) 
Febmary 13, 1989 

08-10-88 
08-10-88 
08-10-88 
08-10-88 
08-10-88 
08-10-88 
08-10-88 
08-11-88 
08-11-88 
08-11-88 
08-11-88 
08-10-88 
08-10-88 
08-10-88 
08-10-88 
10-13-88 
10-07-88 
10-13-88 
10-13-88 

These marine sediment samples were collected between June 30 and August 1, 1988, and 
received by the laboratory one to four days following collertion. The holding times 
between sample coUertion and analysis for mercury ranged from 32 to 41 days for 
samples 88-4300 and 88-4599 through 88-4608. The holding times for mercury were 71 
days for samples collected on August 1, 1988. The total mercury results for these 
samples will be flagged as estimates (J or N) because the 28-day maximum holding time 
was exceeded. 

The laboratory reported that samples T2A-5, T2-6, and T2-60 were warm when they 
arrived. Total metals results for these samples will be flagged as estimates (J or N) due 
to inadequate sample preservation. 

The Initial CaUbration Verification (ICV) recovery for the hydride generation analysis of 
arsenic (89 percent) was less than the 90 percent control lunit. This violation of the 
control Umit may have been due to a rounding error, thus no action was taken to qualify 
sample data. On"the original ICV form send by the laboratory, the mercury ICV results 
from Ortober 11 were missing, and a zinc result for In-House QC #100 was included 
that did not appear in the raw data. A cortected ICV form was sent by the laboratory. 

Reagent blank results from the October 11 analysis of mercury were missing from the 
blank analysis form. The laboratory sent a cortected form including the missing data. 
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Matrix spike analysis reports were nussing results for mercury in sample Tll-7, mercuiy 
and copper in T14-2; and mercury, copper and lead in T2-60. The matrix spUce 
recovery of mercury in sample T14-2 was negative indicating-mercuiy results for 
associated samples may be biased low. Mercury results for samples T4-4, T3-6, T3-5, T3-
4, T2-5, T2A-5, T2-6, T2-60 and T4-1 combined were flagged as estimated (J). 

The copper results for samples T4-1 combined and T4-2 combined and the lead result 
for T4-1 mixed were quantitated using portions of the calibration curves that cUd not 
encompass the sample absorbances. The laboratory recalculated these results using 
curves with broader ranges of absorbances and sent cortected forms. 

A review of the raw data and calculations mmed up two data redurtion ertors that were 
cortected by the laboratory. The copper result for sample T3-2 (253 ppm) was.corterted 
to 244 ppm and the mercury result for T16-4 (.052 ppm) was corterted to 0.07 ppm. 

Two sets of field duplicate samples were compared as a measure of overaU precision. 
The relative percent differences (RPDs) between results for T2-6 and T2-60 were aU less 
than 20 percent for less than the CRQL. The RPDs for T3-2 and T3-20 were also less 
than 20 percent except for the coarse fragment analysis (69 percent RPD). The high 
RPD for the percent coarse fragment analysis was probably caused by the inclusion of 
one or two large, heavy particles in one sample that were not present in the dupUcate. 

Other QA parameters tested were within control limits established m the projert QA 
plan. 

JG:kjr 

2209 



to: 

from: 

re: 

Projert FUe 

James Good, QuaUty Assurance Officer 

55-1643-03(0241A) 

March 6, 1989 

QA Review: ASARCO RI, Phase II Marine Sediment Laboratory Results; 
EP Toxidty Metals 

This QA review includes the following marine sediment samples analyzed by ASARCO 
for metals according to the Extrartion Procedure Toxicity methods: 

ASARCO LD, 

88-4301 
88-4609 
88-4610 
88-4611 
88-4612 
88-4613 
88-4614 
88-4615 
88-4616 
88-4617 
88-4618 
88-4627 
88-4628 
88-4629 
88-4633 
88-4634 
88-4635 
88-4641 
884642 
88-4643 
88-4644 
88-4704 
88-4705 
88-4706 
88-4894 
88-4895 
88-4896 
88-4897 

Parametrix LD. 

T16-4 
T16-1 
T12-1 
T5-0 
T18-2 
TlO-1 
TlO-2 
Tll-7 
T8-4 
T6-3 
T6-1 
T4-2 
T3-2 
T3-20 Duplicate 
T22-1 
T22-2 
T4-4 
T3-6 
T3-5 
T3-4 
T2.5 
T2A-5 
T2-6 
T2-60 Duplicate 
TO-2 
TO-3 
T M 
T2-1 

Date Sampled, 

06-30-88 
07-06-88 
07-06-88 
07-07-88 
07-07-88 
07-07-88 
07-07-88 
07-07-88 
07-08-88 
07-08-88 
07-08-88 
07-12-88 
07-12-88 
07-12-88 
07-13-88 
07-13-88 
07-13-88 
07-14-88 
07-14-88 
07-14-88 
07-14-88 
07-15-88 
07-15-88 
07-15-88 
08-01-88 
08-01-88 
08-01-88 
08-01-88 

Dat? Analysed 

08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
08-05-88 
09-23-88 
09-23-88 
09-23-88 
09-23-88 
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These marine sediment samples were collerted between June 30 and August 1, 1988, and 
received by the laboratory one to four days following collection. The holding times 
between sample coUection and analysis for mercury ranged from 29 to 36 days for 
samples Tll-7, T5-0, T18-2, TlO-1, TlO-2, T16-1, T12-1, and T16-4. The holding times 
for riiercury were 53 days for samples collerted on August 1, 1988. The EP Tox mercury 
results for these samples wiU be flagged as estimates (J or N) because the 28-day holding 
time was exceeded. 

The laboratory reported that samples T2A-5, T2-6, and T2-60 were warm when they 
arrived. EP Tox metals results for these samples will be flagged as estimates (J or N) 
due to inadequate sample preservation. 

Other QA parameters tested were within control limits established in the projert QA 
plan. 

JG:kjr 

2210 



to: 

from: 

re: 

M E M O R A N D U M 

Projert FUe 

Bob Sullivan, QuaUty Assurance Officer 

September 27, 1988 
^55-1643-03(024 la) 

Revised: March 2, 1989 

MEMO # M-1 
QA review: ASARCO RI/FS, Marine Sediments Laboratory Data 

This QA review includes the foUowing samples analyzed by Lancaster Laboratories, Inc. 
(LU). 

Lancaster 
LD. # 

1207988 
1207989 
1207990 
1207991 
1207992 
1207993 
1207994 
1208003 
1208004 
1208005 
1208006 
1208007 

Parametrix 
I,D, # . 

MSO-10-1 
MSO-10-2 
MSO-10-3 
MSO-10-4 
MSO-9-6 
MSO-9-7 
MSO-9-8 

UnspUced(SS-68) 
M. Spike(SS-68) 
M.S.Dup.(SS-68) 
U.S.Dup.(SS-68) 

Sample Date 

10/27/87 
10/27/87 
10/27/87 
10/27/87 
10/27/87 
10/27/87 
10/27/87 
10/27/87 
10/27/87 
10/27/87 
10/27/87 

ME'lHOD B L A N K — 

Extraction Pate 

11/02/87 
11/02/87 
11/02/87 
11/02/87 
11/02/87 
11/02/87 
11/02/87 
11/02/87 
11/02/87 
11/02/87 
11/02/87 
11/02/87 

Analvsis Date 

11/04/87 ~" 
11/04/87 
11/04/87 
11/04/87 
11/05/87 
11/05/87 
11/05/87 
11/03/87 
11/03/87 
11/03/87 
11/03/87 
11/03/87 

These marine sedunent samples were coUerted on 10/27/87 and extrarted within the 
seven day holcUng time limit (6 days) and analyzed within the 40 day Umit (9 days). AU 
the above samples were analyzed at a cUlution of 30:1 

Analysis of laboratoiy QA samples (1208003-1208006) could not resolve Benzo(b) and 
Benzo(k)fluoranthene so the combined results were reported as Benzo(b)fluorantiiene. 

The percent recovery of 4-(Chloro-3-methylphenol in the matrix spike sample and the 
RPD (compared to tiie dupUcate) exceeded the QC limits as did the percent recovery 
of pyrene in the spike and the dupUcate samples. The matrix spike dupUcate sample 
showed concentrations 17 percent higher on average than the matrix spike sample but 
no adcUtional con:^)ounds were observed. No qualifications are required of the data from 
the other samples since the matrix spike and dupUcate data is only designed for long-
term evaluation of the predsion and accuracy of the analysis. 
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LLI# 1207988 (MSO-10-1) j 

This sample was analyzed 13 hours after the GC/MS Timing and Mass CaUbration was 
performed whUe the QA limit is 12 hours. However, since the initial and subsequent • 
caUbrations met aU QA specifications no qualification action is deemed necessary. \ 

The analysis was unable to resolve Beiizo(b) and Benzo(k)fluoranthene so the combined 
results were reported as Benzo(b)fiuoranthene. 

I 

A duplicate moisture analysis was performed on this sample and the resulting RPD was 
approximately 13 percent which was within the QC Umit of 20 percent. An average of , 
the two runs was reported. 

LLI# 1207989 (MSO-10-2) j 

The intemal standard area from chrysene and naphthalene were below the lower limits 
calculated from the 12-hour standard and the area for Perylene was close to the lower ] 
limit This requfres that the foUowing compounds, which are assodated with chrysene . I 
and naphthalene be qualified as undeterted estimate (N): 

• • / 

Pyrene Butylbenzyl Phthalate i 
3,3'-Dichlorobenzidine Benzo(a)anthracene 
bis(2-ethyUiexyl) Phthalate Chrysene 
Nifrobenzene Isophorone 
2-Nitrophenol 2,4-Dimethylphenol 
Benzoic Add bis(2-Chloroethoxy)methane 
2,4-Dichlorophenol 1,2,4-Trichlorobenzene 
Naphthalene 4-Chloroaniline 
Hexachlorobutadiene 4-Chloro-3-methylphenol 
2-Methylnaphthalene Nitrobenzene 

The percent surtogate recovery of 2-fluorophenol (17%) was below the aUowable QC 
Umits of 25-121 percent 

In view of the above defidendes and the fart that the sample was analyzed 2 hours after 
the 12 hour QA Umit on the GC/MS Tuning and Mass Calibration, aU the results of this 
sample will be qualified as estimated detection limits (N). 



I 

I 
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LLI# 1207990 (MSO-10-3) 

AU the intemal laboratoiy QA parameters tested were within the limits established in 
the projert QA plan except where specificaUy noted above. 

LLI# 1207991 (MSO-10-4) 

This sample had higher than usual detection limits due to sample matrix or mterferences 
observed in the GC/MS analysis but the detection limits were stiU within the Confract 
Requfred Detection limits (CRDL). 

AU the intemal laboratoiy QA parameters tested were within the limits established in 
the projert QA plan' except where specificaUy noted above. "~ '~ 

LLI# 1207992 (MSO-9-6) 

AU the internal laboratory QA parameters tested were within the limits estabUshed in 
the projert QA plan except where specificaUy noted above. 

LLI# 1207993 (MSO-9-7) 

AU the intemal laboratoiy QA parameters tested were within the Umits established in 
the projert QA plan except where spedficaUy noted above. 

LLI# 1207994 (MSO-9-8) 

AU the intemal laboratory QA parameters tested were within the limits established in 
the projert QA plan except where specificaUy noted above. 

LLI# 1208004 Matrix Spike(SS-68) 

The percent smrogate recovery of Terphenyl-dl4 exceeded the 137 percent confrol Umits. 
Since only one smrogate <Ud not meet the QA limits and the recovery was greater than 
10% no cortective action was requfred. 
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LLI# 1208007 Method Blank 

The Method Blank had 19 unknown or tentatively identified compounds some of which 
were deterted in relatively high concentrations (100, 54, 30, 22, and 15 mg/l). However, 
the other samples cUd not seem to have a similar problem either in the number or 
concentration of unknown or tentatively identffied compounds and no target compounds 
were deterted so no quaUtative action is deemed necessary. 



M E M O R A N D U M 

to: 

from: 

re: 

Projert FUe 

Bob SulUvan, QuaUty Assurance Officer 

September 27, 1988 
55-1643-03(0241a) 

Revised: March 2, 1989 

MEMO # M-2 
QA review: ASARCO RI/FS, Marine Sedunents Laboratory Data 

This QA review includes the foUowing samples analyzed by Lancaster Laboratories^ Inc. 
(LU). 

I<ancaster 
LD. # 

1208630 
1208631 
1208632 
1208633 
1208634 
1208635 
1208636 
1208637 
1208626 
1208627 
1208628 
1208629 
1208638 

Parametrix 
LD. # 

MSO-9-1 
MSO-9-2 
MSO-11-2 
MSO-11-3 
MSO-11-9 
MSO-ll-8 
MSO-11-7 
MSO-11-6 

UnspUced(SS-60) 
M. Spike(SS-60) 
M.S.Dup.(SS-60) 
U.S.Dup.(SS-60) 
M K I H O D B L A N K 

Sample Date 

10/28/87 
10/28/87 
10/28/87 
10/28/87 
10/28/87 
10/28/87 
10/28/87 
10/28/87 
10/28/87 
10/28/87 
10/28/87 
10/28/87 

— 

Extrartion Date 

11/03/87 
11/03/87 
11/03/87 
11/03/87 
11/03/87 
11/03/87 
11/03/87 
11/03/87 
11/03/87 
11/03/87 
11/03/87 
11/03/87 
11/03/87 

;; 

Analvsis Date 

11/14/87./-
11/14/87 
11/14/87 
11/14/87 
11/14/87 
11/14/87 
11/14/87 
11/14/87 
11/14/87 
11/14/87 
11/14/87 
11/14/87 --_ 
11/14/87 

— — 

These marine sediment samples were collerted on 10/28/87 and extrarted within the 
seven day holding time limit (6 days) and analyzed within the 40 day QC limit (17 days). 

Intemal laboratory QA samples (120826-120829) were mn at a dUution fartor of 20-
because of matrix interference in the non-dUuted sample analysis. The method blank 
analysis showed no matrix interferences so a dUution run was not performed. 

The smrogate recoveiy of 2,4,6-Tribromophenol in the matrix spike dupUcate sample 
(LU# 1208628) was 6% above tiie 122% QC upper Umit The QA/QC procedures 
aUow one smrogate to exceed the Umits before cortective action is requfred uiUess that 
recovery is below 10 percent which was not the case in this instance. In adcUtion, the 
matrix spike analysis is primarily intended to incUcate the long-term precision and 
accuracy of the analyses tiierefore, no qualifications are added to the data. 
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The samples were analyzed first at a dUution of 20 and then re-injerted as non-dUuted 
samples. The reported results are from the non-cUluted analysis. The sample used for 
the matrix spUce and matrbc spUce dupUcate medium ( U J # 1208626) was a surficial soUs 
sample that was run at a dUution of 20 therefore, the values are not dfrertly appUcable 
to the undUuted analysis of the marine secUment samples in this batch because of a 
matrix effert. 

LLI# 1208630 (MSO-9-1) 

This sample was analyzed at a dUution of 20 and re-injerted straight which are the 
results reported. Benzo(b) and Benzo(k)flouranthene could not be resolved so the results 
reported is the combined total of the both isomers. 

AU other QA parameters for this sample were within the limits established ui the project 
QA plan except for those general problems described above. 

LLI# 1208631 (MSO-9-2) 

AU QA parameters for this sample were within the limits established m the projert QA 
plan except for those general problems described above. 

LLI# 1208632 (MSO-11-2) 

AU QA parameters for this sample were within the limits established in the projert QA 
plan except for those general problems described above. 

LLI# 1208633 (MSO.11-3) 

AU QA parameters for this sample were within the Umits established in the projert QA 
plan except for those general problems described above. 

LLI# 1208634 (MSO.11-9) 

AU QA parameters for this sample were within the Umits established in the projert QA 
plan except for those general problems described above. 
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LLI# 1208635 (MSO-ll-S) 

All QA parameters for this sample were within the Umits established in the projert QA 
plan except for those general problems described above. 

LLI# 1208636 (MSO-11-7) 

AU QA parameters for this sample were within the limits estabUshed in the projert QA 
plan except for those general problems described above. 

LLI# 1208637 (MSO-11-6) 

AU QA parameters for this sample were within the limits established in the project QA 
plan except for those general problems described above. 

LLI# 1208626 (SS-60) 

UnusuaUy high detection limits were due to sample matrix or interference problems. A 
dUution fartor of 1 and 20 were run, whUe the DF 20 values were reported. 



M E M O R A N D U M 

to: 

from: 

re: 

Projert FUe 

Bob SuUivan, QuaUty Assurance Officer 

September 27, 1988 
55-1643-03(0241a) 

Revised: March 2, 1989 

MEMO # M-3 
QA review: ASARCO RI/FS, Marine Sediments Laboratoiy Data 

This QA review includes the following samples analyzed by Lancaster Laboratories, Inc. 
(LU). __ -

Lancaster 
LD. # 

1209007 
1209008 
1209009 
1209010 
1209011 
1209012 
1209013 
1209014 
1209015 
1209016 
1209017 
1209018 
1209019 

Parametrix 
LD. # 

MSO-11-5 
MSO-11-4 
MSO-9-3 
MSO-9-4 
MSO-9-5 
MSO-13-8 
MSO-13-7 
MSO-7-7 
M.SpUce(MSO-7-7) 
M.S.Dup.(MSO-7-7) 
U.S.Dup.(MSO-7-7) 
REP-1 (MSO-9-5) 
M E T H O D BLANK 

Sample Date 

10/29/87 
10/29/87 
10/29/87 
10/29/87 
10/29/87 
10/29/87 
10/29/87 
10/29/87 
10/29/87 
10/29/87 
10/29/87 
10/29/87 

— 

Extraction Date 

11/4/87 
11/4/87 
11/4/87 
11/4/87 
11/4/87 
11/4/87 
11/4/87 
11/4/87 
11/4/87 
11/4/87 
11/4/87 
11/4/87 
11/4/87 

-

Analvsis Date 

11/12/87 -
11/12/87 
11/12/87 
11/12/87 
11/12/87 
11/16/87 
11/16/87 
11/12/87 
11/12/87 
11/12/87 
11/12/87 
11/17/87 
11/12/87 

These marine sediment samples were coUerted on 10/29/87 and exfrarted within the 
seven day QC holding time limit (6 days) and analyzed within the .40 day limit (18 days) 

The detection limit for 2,4^trichIorophenol was higher than that specified in the QA 
plan for all samples listed above therefore, it will be qualified as estimated detection 
limits (N). 

Analysis of the method blank incUcated the presence of trace levels of cUethylphthalate 
02 mg/kg. Even though this was below the detection limit of 033 mg/kg it raises some 
questions about the valicUty of analysis for this compound in the samples listed above. 
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No qualifications were made to the data from samples where diethylphthalate was not 
detected while (J) (estimated concentrations) is used in those samples where it was 
detected at levels below 1.0 mg/kg (5 times the blank concentration). 

The percent recovery and the relative percent difference (RPD) between the matrix spike 
and the matrix spike dupUcate were within the QA limits for aU eleven spUce compounds. 

AU other QA parameters were within the limits established m the projert QA plan 
except where spedficaUy noted below. 

LLI# 1209007 (MSO-11-5) 

The quantitaion report for this sample was incorrert for tribromophenol due to a 
problem with the automatic integration system. The laboratory sent a revised 
quantitation report with the integration of tribromophenol manuaUy calculated. 

AU other QA parameters for this sample were within the Umits established in the project 
QA plan. 

LLI# 1209008 (MSO-11-4) 

AU other QA parameters for this sample were within the Umits established ui the project 
QA plaiL 

LLI# 1209009 (MSO-9-3) 

Semi-volatUe intemal standard area summaries for l,4-dichlorobenzene-d4 and 
naphthalene-d8 were outside the 12 hour standard QA Unuts. Therefore the foUowing 
compounds will be qualified as estimated detection Umits (N) for this sample: 

Phenol bis(2-Chloroethyl)ether 
2-ChlorophenoI 1,3-Dichlorobenzene 
1,4-Dichlorobenzene Benzyl Alcohol 
1,2-Dichlorobenzene 2-Methylphenol 
bis(2-Chloroisopropyl)ether 4-Methylphenol 
N-rufroso-Di-n-propylamine Hexachloroethane 
Nifrobenzene Isophprone 
2-Nifrophenol 2,4-'Dimethylphenol 
Benzoic Add bis(2-Chloroethoxy)methane 
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2,4-Dichlorophenol 1,2,4-Trichlorobenzene 
Naphthalene - 4-(Chloroaniline 
Hexachlorobutadiene 4-Chloro-3-methylphenol 
2-Methylnaphthalene 

LLI# 1209010 (MSO.9-4) 

There is a discrepancy between the moisture content listed in the summary sheets 
(28.4%) and the one on the laboratory worksheet (28.8%). This was merely a 
transcription ertor and does not affert the analysis results. 

LLI# 1209011 (MSO-9-5) 

AU other QA parameters for this sample were within the limits established in the project 
QA plan. 

LLI# 1209012 (MSO-13-8) 

No information was presented by the lab concerning the semi-volatUe intemal standard 
area comparisons with the 12 hour standards for this sample. The information has been 
requested from the laboratoiy. 

AU other QA parameters for this sample were within the Umits established in the projert 
QA plan. 

LLI# 1209013 (MSO-13-7) 

No mformation was presented by the lab in the original data package conceming the 
semi-volatUe intemal standard area comparisons with the 12 hour standards for this 
sample. The laboratory explained that a computer ertor caused the form 8 for this 
sample not to be rteated and they sent a manuaUy generated form. 

AU other QA parameters for this sample were within the Umits established in the projert 
QA plan. 
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LLI# 1209014 (MSO.7-7) 

Analysis of the method blaiUc mcUcated the presence of 0.2 mg/kg of diethylphthalate 
which was also found m this sample at a level of 0.49 mg/kg. Sincethe sample 
concentration is less than 5 times that of the blank the data wiU be flagged as an 
estimate (J). 

Semi-volatUe orgarucs surtogate recovery of phenol-d5 was 144% whUe the QA limits are 
24-113 percent Smce oiUy one smrogate was below the QA Umits and the recovery 
was greater than 10 percent so no data qualifications are requfred.The Intemal Standard 
Area for l,4-dichloroben2ene was more than 50% below the internal standard area (the 
lower QA limit) so the following compounds will be qualified as estimated detection 
Umits (N): 

Phenol bis(2-Chloroethyl)ether 
2-Chlorophenol 1,3-Dichlorobenzene 
1,4-Dichlorobenzene Benzyl Alcohol 
1,2-Dichlorobenzene 2-Methylphenol 
bis(2-Chloroisopropyl)ether 4-Methylphenol 
N-nifroso-Di-n-propylamine Hexachloroethane 

AU other QA parameters for this sample were withui the linuts established in the projert 
QA plan. 

LLI# 1209018 (REP-1. MSO-9-5) 

There was no dry weight results sheet in the data package for this sample so one was 
requested from the lab. REP-1 is the field duplicate of MSO-9-5. Since no compounds 
were deterted above the detection limits in either sample the RPD could not be 
determinecL 

The percent surtogate recovery of 2,4,6-tribromophenol was 165% whUe the QA Unuts 
were 19 - 122 percent Suice orUy one smrogate was above the QA Umits and the 
recovery was greater than 10 percent so no data qualifications are requfred. 

AU other QA parameters for this sample were within the limits established m the projert 
QA plan. 
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MEMO # M-4 
QA review: ASARCO RI/FS, Marine Sediments Laboratoiy Data 

This QA review includes the foUowing samples analyzed by Lancaster Laboratories, Inc. 
(LU). 

I^ncaster 
LD. # . 

1210560 
1210561 
1210562 
1210563 
1210564 
US DAY 313 
MS DAY 313 
MSD DAY 313 
MB DAY 313 

Parametrix 
I.D. # 

MSO-13-6 
MSO-13-5 
MSO-13-4 
MSO-13-3 
MSO-13-2 
UnspUced 
M. SpUce 
M.S.Dup. 

Sample Date 

11/3/87 
11/3/87 
11/3/87 
11/3/87 
11/3/87 

— 
— 
— 

Method Blank — 

Extraction Date 

11/9/87 
11/9/87 
11/9/87 
11/9/87 
11/9/87 
11/9/87 
11/9/87 
11/9/87 
11/9/87 

Analvsis Date 

11/26/87 
11/26/87 
11/26/87 
11/26/87 
11/26/87 
11/25/87 
11/25/87 
11/25/87 
11/25/87 

These marine sediment samples were coUerted on 11/3/87 and extrarted within the seven 
day Umit (11/9/87) and analyzed witiun tiie 40 day Umit (11/25/87). 

The percent recovery and the relative percent difference (RPD) between the matrbc spUce 
and matrbc spike dupUcate samples feU within the QC limits for aU eleven spike 
compouncis. 

AU laboratoiy QA parameters tested were within the limits established in the projert QA 
plan. Therefore no qualifiers are necessaiy for these data. 



M E M O R A N D U M 

to: Projert FUe 

from: James Good, Quality Assurance Officer 

re: 

May 18, 1988 
Revised September 26, 1988 
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MEMORANDUM M5 QA Review: ASARCO RI, Marine Sediment Laboratoiy 
Results; Organic Compounds 

This QA review includes the following samples analyzed by Lancaster Laboratories, Inc. 

LLI LD. 

1210621 
1210622 
1210623 
1210624 
1210625 
1210626 
1210627 
1210628 
1210594 
1210595 
1210596 

1210597 

Parametrbc LD. 

MSO-14-5 
MSO-14-4 
MSO-15-5 
MSO-15-4 
MSO-12-5 
MSO-12-4 
MSO-10-0 
MSO-11-1 
Unspiked Soil 
Matrix Spike 
Matrix Spike 
DupUcate 
Method Blank 

Sample Date 

11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 
11-04-87 

— 

— 

— 

Extraction Dat?. 

11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-09-87 
11-13-87 
11-13-87 
11-13-87 

11-13-87 

Analysis Dat? 

12-01-87 
12-01-87 
12-01-87 
12-01-87 
12-01-87 
12-01-87 
12-01-87 
12-04-87 
12-01-87 
12-01-87 
12-01-87 

11-30-87 

These marme sediment samples were collected on November 4, 1987 and received by the 
laboratory on November 6, 1987. Holding times for sample extraction and analysis met 
control Umits established in the project QA plan. 

LLI #1210621 (MSO-14-5) -

The moismre content reported by the laboratory is the average moismre content of two 
aUquots of sample MSO-14-5. The RPD between moismre content analyses was one 
percent. 
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Matrix spiked dupUcate recovery of pyrene was well above the QC limit This high 
recovery resulted in a high relative percent difference (RPD) between the matrix spUced 
and matrix spiked duplicate results for pyrene. Pyrene was not deterted in the sample 
and other MS/MSD results were within control Umits, thus no action was taken to qualify 
data. 

Internal laboratory QA results indicated that, other QA parameters tested were within 
control limits established ui the project QA plan. 

LLI #1210622 (MSO-14-4) 

Matrix spiked duplicate recovery of pyrene was well above the QC limit This high 
recovery resulted in a high RPD between the matrbc spiked and matrix spUced dupUcate 
results for pyrene. Pyrene was not detected in the sample and other MS/MSD results 
were within control limits, thus no action was taken to qualify data. 

Other QA parameters tested were within control limits established in the project QA 
plan. 

LLI #1210623 (MSO-15-5) 

Matrix spiked duplicate recovery of pyrene was well above the QC limit This high 
recovery resulted in a high RPD between the matrbc spiked and matrix spiked dupUcate 
results for pyrene. Pyrene was not detected in the sample and other MS/MSD results 
were within control limits, thus no action was taken to qualify data. 

Other QA parameters tested were within control limits established in the projert QA 
plan. 

LLI #1210624 (MSO-15-4) 

Matrix spiked duplicate recovery of pyrene was well above the QA limit. This high 
recovery resulted in a high RPD between the matrbc spiked and matrix spiked dupUcate 
results for pyrene. Pyrene was not detected in the sample and other MS/MSD results 
were within control limits, thus no action was taken to qualify data. 

The semi-volatUe intemal standard area for perylene-d 12 exceeded the upper QC limit 
The laboratory reported that in the analyst's judgement the data is vaUd because 
surtOgate standards were within specifications, there were no reportable hits for target 
compounds, and the increased sensitivity would have enhanced the identification of target 
compounds. 
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Other QA parameters tested were within control limits established in the projert QA 
plan. 

LLI #1210625 (MSO-12-5) 

Matrix spiked duplicate recovery of pyrene was well above the QC limit This high 
recovery resulted in a high RPD between the matrix spiked and matrix spUced dupUcate 
results for pyrene. Pyrene was not detected in the sample and other MS/MSD results 
were within control limits, thus no artion was taken to qualify data. 

The semi-volatile intemal standard area for perylene-d 12 exceeded the upper QC limit. 
The laboratory reported that in the analyst's judgement the data is vaUd because 
surtOgate standards were within specifications, there were no reportable hits for target 
compounds, and the inaeased sensitivity would have enhanced the identification of target 
compounds. 

Other QA parameters tested were within control limits established in the projert QA 
plan. 

LLI #1210626 (MSQ-12-4) 

Matrix spiked duplicate recovery of pyrene was well above the QC Umit This high 
recovery resulted in a high RPD between the matrbc spiked and matrix spiked dupUcate 
results for pyrene. Pyrene was not detected in the sample and other MS/MSD results 
were within control limits, thus no action was taken to qualify data. 

The semi-volatile intemal standard area for perylene-d 12 exceeded the upper QC limit 
The. laboratory reported that in the analyst's judgement the data is valid because 
surtOgate standards were within specifications, there were no reportable hits for target 
compounds, and the increased sensitivity would have enhanced the identification of target 
compounds. 

Other QA parameters tested were within control limits established in the projert QA 
plan. 

LLI #1210627 (MSO-10-0) 

The laboratory reported that the isomers benzo(b)fluoranthene and benzo(k)fluoranthehe 
were not resolved under the sample analysis conditions. The result reported for 
benzo(b)fluoranthene is the total concentration of both isomers. 

Matrbc spiked duplicate recovery of pyrene was well above the QC limit This high 
recovery resulted in a high RPD between the matrbc spiked and matrbc spUced dupUcate 
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results for pyrene. Pyrene was detected in the sample and this result wiU be flagged 
as an estimate (J). 

Other QA parameters tested were within control Umits established ui the projert QA 
plait 

LLI #1210628 (MSO-11-1) 

The laboratory reported that the isomers benzo(b)fluoranthene and 
benzo(k)fluoranthene were not resolved under the sample analysis conditions. The result 
reported for beiizo(b)fluoranthene is the total concentration of both isomers. 

Matrix spiked duplicate recovery of pyrene was well above the QC limit This high 
recovery resulted in a high RPD between the matrbc spiked and matrix spiked duplicate 
results for pyrene. Pyrene was not detected in the sample and other MS/MSD results 
were within control limits, thus no action was taken to qualify data. 

Other QA parameters tested were within control limits established in the projert QA 
plan. 

LLI #1210597 (Method Blank) 

The laboratory included the wrong Matrix Spiked Duplicate Analysis Form ui the data 
package. MS duplicate recovery of pyrene exceeded the upper QC Umit and the RPD 
between matrix spiked and duplicate matrbc spiked samples exceeded control limits for 
pyrene on the correct form. Pyrene was not detected in the sample and other MS/MSD 
results were within control limits, thus no action was taken to quaUfy data. 

All other laboratory QA parameters tested were within established limits and no organic 
compounds were detected in the method blank. 

JG:kjr 

2040 
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MEMO # M-6 
QA review: ASARCO RI/FS, Marine Sediments Laboratory Data 

This QA review includes the foUowing samples analyzed by Lancaster Laboratories, Inc. 
(LU). 

Lancaster 
LD. # 

1211582 
1211583 
1211584 
1211585 
1211586 
1211587 
MS DAY 315 
MSD DAY 315 
MB DAY 315 

Parametrix 
I.D. # 

MSO-14-3 
MSO-14-2 
MSO-15-3 
MSO.15-2 
MSO-12-2 
MSO-12-3 
M. SpUce 
M.S.Dup. 
Method Blank 

Sample Date 

11/6/87 
11/6/87 
11/6/87 
11/6/87 
11/6/87 
11/6/87 
— 

— 

— 

Extraction Date 

11/11/87 . 
11/11/87 
11/11/87 
11/11/87 
11/11/87 
11/11/87 
11/11/87 
11/11/87 
11/11/87 

--

Analvsis Date 

11/24/87 
11/25/87 
11/24/87 
11/25/87 
11/25/87 
11/25/87 
11/23/87 
11/23/87 
11/23/87 

These marine sediments were coUerted on 11/6/87 and extrarted within the seven day 
QC holding time Umits (5 days) and analyzed within the 40 day lunit (19 days). 

Two compoimds (Di-n-butylphthalate, and Bis-2-ethylhexylphthaIate) were deterted in the 
method blank and the samples. Since approximately the same concentrations were 
observed in the samples as the blanks, the data for these compounds will be flagged as 
rejected (R) in all of the above samples. 

Pentachlorophenol was handwritten on the matrix spike quantitation report (Le., not 
identified by the computer), the data package cUd not include the spectra that this 
manual identification was based upon. However, since it was not deterted in any of the 
samples listed above no qualification action is deemed necessary. 

AU the other internal laboratory QA parameters were within the limits established in the 
projert QA/QC plan except where specificaUy noted below. 
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LLI # 1211582 MSO.14-3 

The mtemal standard area for l,4-Dichlorobenzene-d4 was below the 12 hour standard 
Umits for this sample. Therefore the following (undetected) compounds are qualified 
as estimated detection limits (N): 

Phenol bis(2-Chloroethyl)ether 
2-(Chlorophenol 1,3-Dichlorobenzene 
1,4-Dichlorobeiizene Benzyl Alcohol 
1,2-Dichlorobenzene 2-Methylphenol 
bis(2-Chloroisopropyl)ether 4-Methylphenol 
N-rutroso-Di-n-propylamine Hexachloroethane 

AU the other intemal laboratory QA parameters were within the Umits established in the 
projert QA/QC plan for this sample. 

LLI # 1211583 MSO-14-2 

SurtOgate recovery of Phenol-d5 was orUy 1 percent and the internal standard areas were 
outside the 12 hour standard limits for all 6 standards. These results dictated a re-
injection of this sample for which all mtemal QA limits were met. 

Although the standard areas of Chrysene-dl2 and Perylene-dl2 were not presented on 
the Standard Area Summary data sheet (Form Vm SV-I) they were located elsewhere 
in the data package. New data sheet has been requesteci from the Laboratory. 

AU the other intemal laboratoiy QA parameters were within the Umits established in the 
projert QA/QC plan for this sample. 

LLI # 1211584 MSO-15-3 

AU the intemal laboratory QA parameters were within the Umits established in the 
projert QA/QC plan for this sample except where specifically noted above. 

LLI # 1211585 MSO-15-2 

This sample was re-injerted smce the 12 hour time limit had expfred for the DFTPP 
calibration and the mtemal standard areas tUd not meet the QA specifications. The re-
injerted sample passed aU QA parameters. 

AU the other internal laboratory QA parameters were within the limits established ui the 
projert QA/QC plan for this sample. 
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LLI # 1211586 MSO-12-2 

AU the internal laboratoiy QA parameters were within the Umits established in the 
projert QA/QC plan for this sample except where specificaUy noted above. 

LLI # 1211587 MSO-12.3 

AU the uiteraal laboratory QA parameters were within the Umits established in the 
projert QA/QC plan for this sample except where specifically noted above. 
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MEMO # M-7 
QA review: ASARCO RI/FS, Marine Sedunents Laboratoiy Data 

This QA review includes the following samples analyzed by Lancaster Laboratories, Inc. 
(LU). 

' Lancaster 
LD. # 

1; 1212031 
1212037 
1212038 

1 1212039 
1212040 

Parametrix 
LD. # Sample Date 

MSO-8-2 11/9/87 
UnspUced(SS-41) 11/9/87 

Matrix Spike(SS-41) 11/9/87 
M.SpUce Dup.(SS-41) 11/9/87 

Method Blank — 

Extraction Date. 

11/12/87 
11/17/87 
11/17/87 
11/17/87 
11/17/87 

Analvsis Date 

11/24/87 
11/23/87 
11/23/87 
11/23/87 
11/23/87 

This marine secUment sample was coUerted on 11/9/87 and extrarted within the seven 
day holcUng time limit (3 days) and analyzed within the 40 day linut (13 days). 

AU the intemal laboratory QA parameters were within the specifications in the projert 
QA/QC plan except where specifically noted below. 

LLI#1212031 MSO-8-2 

PCB analysis were run on this sample by mistake because it was run at the same time 
as a batch of surfidal soils. No PCCB's were deterted 

The recoveiy of pyrene in the matrix spike was -347 percent and -18 percent in the 
matrix spike dupUcate samples. Since the recoveries were low and pyrene was tentatively 
identified (below the detection limit) in the sample, pyrene will be qualified as an 
estimated detection limit (N). 



to: Projert FUe# 55-1643-03(024 la) 
from: Bob SulUvan, QuaUty Assurance Officer 
September 27, 1988 
Page 2 

LU#1212037 Unspiked (SS-41) 
LLI#1212038 Matrix Spike (SS-41) 
LLI#1212039 Matrix Spike Duplicate (SS-41) 

Due to saturation problems, the results for phenanthrene, fluoranthene, pyrene, 
benzo(a)anthrene, chrysene, and benzo(b)fluoranthene were reported from the samples 
run at a dUution of 10 while aU other compound concentrations were taken from the 
undUuted sample run. 

The recovery of pyrene in the matrix spike was -347 percent and -18 percent ui the 
matrix spike dupUcate samples. Since the recoveries were low and pyrene was tentatively 
identified (below the detertion limit) in the sample, pyrene will be qualified as an 
estimated detection limit (N). 
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MEMO # M-8 
QA review: ASARCO RI/FS, Marine Sedunents Laboratory Data 

This QA review includes the foUowing samples analyzed by Lancaster Laboratories, Inc. 
(LU). 

Lancaster 
LD. # 

1212044 
1212045 
1212046 
1212047 
1212048 
1212049 
1212050 
1212051 
1212041 
1212042 
1212043 
1212052 . 

Parametrbc 
LD. # 

MSO-7-5 
MSO-7-4 
MSO-7-3 
MSO-8-4 
MSO-8-3 
MSO-7-2 
MSO-8-1 
REP-2 

Unspiked(MSO-7-6) 
M. Spike(MS0.7-6) 
M.S.Dup.(MSO-7-6) 

Method Blank 

Sample Date 

11/9/87 
11/9/87 
11/9/87 
11/9/87 
11/9/87 
11/9/87 
11/9/87 
11/9/87 
11/9/87 
11/9/87 
11/9/87 
— 

Extraction Date 

11/12/87 
11/12/87 
11/12/87 
11/12/87 
11/12/87 
11/12/87 
11/12/87 
11/12/87 
11/12/87 
11/12/87 
11/12/87 
11/12/87 

Analvsis Date 

11/21/87 
11/21/87 
11/21/87 
11/21/87 
11/21/87 
11/21/87 
11/23/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 

These marine sediment samples were collerted on 11/9/87 and exfrarted within the seven 
day holding time Umit (11/12/87) and analyzed within tiie 40 day Umit (11/23/87). ~ " 

The smrogate recovery of Acenaphthene exceeded the QC limit in the matrix spike 
sample which in turn resulted in the relative percent difference (RPD) between the 
spiked and spike dupUcate samples to exceed the QC limits. The relative percent 
difference between the spiked sample and the dupUcate spiked sample also exceeded the 
control Umits for 4-Chloro-3-methylphenol, 1,2,4-Trichlorobenzene, and Pyrene. No action 
was taken since the Matrix SpUce comparisons are to determine the long-term precision 
and accuracy of the analytical method on various matrices and these data alone cannot 
be used to evaluate the precision and accuracy of incUvidual samples. 



to: Projert FUe #55-1643-03(0241a) 
from: Bob SulUvan, QuaUty Assurance Officer 
September 27, 1988 
Page 2 

The mteraal standard area summaiy sheet cortesponding to this sample was not mcluded 
in the data package. The necessary information was obtained from another data package 
and the summary sheet has been requested from the lab. 

Other QA parameters tested were within limits estabUshed m the projert QA plan. 

1212044 (MSO-7-5) 

QA parameters tested were within Umits established in the projert QA plan except where 
specifically noted above. 

1212045 (MSO-7-4) 

QA parameters tested were within Umits established m the projert QA plan except where 
SpedficaUy noted above. 

1212046 (MSO-7-3) 

QA parameters tested were within limits established m the projert QA plan except where 
specificaUy noted above. 

1212047 (MSO-8-4) 

QA parameters tested were within Umits estabUshed m the projert QA plan except where 
spedficaUy noted above. 

1212048 (MSO-8-3) 

QA parameters tested were within limits established m the projert QA plan except where 
SpecificaUy noted above. 

1212049 (MSO-7-2) 

QA parameters tested were within limits estabUshed ui the projert QA plan except where 
SpecificaUy noted above. 

I 
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LLI# 1212050 (MSO-8-1) 

This sample was re-injerted because the chromatogram cut off too early in the initial run: 

Other QA parameters tested were within limits estabUshed in the projert QA plan. 

LLI# 1212051 (REP-2) (MSO.7-6) 

REP-2 was a field repUcate of MSO-7-6. No compoimds were deterted above the 
detection limits in either sample. Moismre analysis for the repUcates showed a 7.9% 
RPD, which is within the 20% QA lunit estabUshed for the projert. 

Other QA parameters tested were within limits established in the projert QA plart 
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MEMO # M-9 
QA review: ASARCO RI/FS, Marine Sediments Laboratory Data 

This QA review includes the following samples analyzed by Lancaster Laboratories, Inc. 
(LU). 
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Lancaster 
LD. # . 

1212247 
1212248 
1212249 
1212250 
1217751. 
1217752 
1212253 
Day317-B 
Day317-B 
Day317-B 
Day317-B 
Day317-B 

Parametrix 
LD. # 

MSO-7-1 
MSO-6-4 
MSO-6-3 
MSO-6-1 
MSO-6.2 
MSO-5-3 
MSO-5-2 
Unspiked 
M. Spike 
M.S.Dup. 
U.S.Dup. 

Sample Date 

11/10/87 
11/10/87 
11/10/87 
11/10/87 
11/10/87 
11/10/87 
11/10/87 

— 
— 
— 
— 

Metiiod Blank — 

Extraction Date Anj 

11/13/87 
11/13/87 
11/13/87 
11/13/87 
11/13/87 
11/13/87 
11/13/87 
11/13/87 
11/13/87 
11/13/87 
11/13/87 
11/13/87 

ilvsis Date 

11/19/87 
11/19/87 
11/19/87 
11/19/87 
11/19/87 
11/19/87 
11/19/87 
11/19/87 
Ll/19/87 
11/19/87 
11/19/87 
11/19/87 

These marine sediment samples were coUerted on 11/10/87 and extrarted within the 
seven day QC holding time limit (3 days) and analyzed within the 40 day limit (9 days). 

Benzoic add was deterted in the matrix spike and the matrix spike dupUcate but not in 
the unspUced sample. No artion was taken since it was not deterted in any of the 
samples and the results of the spiked sample are used primarUy for the evaluation of the 
long-term precision and accuracy of the analysis. 

Butylbenzylphthalate was found in the method blank but not in any of the samples so 
no quali^dng action is requfred. 

The results of the other mtemal laboratory QA parameters tested were within the limits 
established in the projert QA plan except where specificaUy noted below. 
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LL1# 1212247 (MSO-7-1) 

There were problems with the intemal standard area for chrysene and perylene and the 
percent smrogate recovery of Terphenyl-dl4 m this sample so it was re-injerted. The 
re-injerted sample met aU QA criteria. 

The results of the other intemal laboratory QA parameters tested were within the limits 
estabUshed in the projert QA plan for this sample except where specificaUy noted above. 

LLI# 1212248 (MSO.6-4) 

The results of the intemal laboratory QA parameters tested were within the limits 
estabUshed in the projert QA plan for this sample except where specifically noted above. 

LLI# 1212249 (MSO-6-3) 

The results of the internal laboratory QA parameters tested were within the linuts 
established in the projert QA plan for this sample except where specifically noted above. 

LLI# 1212250 (MSO-6-1) 

The resiults of the mtemal laboratory QA parameters tested were within the limits 
estabUshed in the projert QA plan for this sample except where spedficaUy noted above. 

LLI# 1212251 (MSO-6-2) 

The results of the internal laboratory QA parameters tested were within the limits 
established in the projert QA plan for this sample except where specifically noted above. 

LLI# 1212252 (MSO-5-3) 

The results of the interaal laboratory QA parameters tested were within the Umits 
estabUshed in the projert QA plan for this sample except where spedficaUy noted above. 
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LLI# 1212253 (MSO-S-2) 

The results of the intemal laboratory QA parameters tested were within the limits 
estabUshed in the projert QA plan for this sample except where spedficaUy noted above. 



M E M O R A N D U M 

to: Projert FUe 

from: James Good, QuaUty Assurance Officer 

May 23, 1988 
Revised September 30, 1988 

55-1643-03(024LA) 

re: MEMORANDUM MIO QA Review: ASARCO RL Marine Sediment Laboratory 
Results; Organic Compounds 

This QA review includes the foUowing samples analyzed by Lancaster Laboratories, Inc. 

Lm.a 
1212569 
1212570 
1212571 
1212572 
1212573 
1212574 
1212575 
1212576 
1212577 
1212578 
1212579 
1212582 
1212580 
1212581 

Parametrix I.D. Sample Date 

MSO-17-1 Unspikedll-12-87 
MSO-18-2 
MSO-18-1 
Rep. #3 
MSO-17-3 
MSO-17-2 
MSO-16-2 
MSO-16-1 
MSO-16-4 
MSO-16-3 
MSO-17-4 
Method Blank 
Matrix SpUce 
Matrbc SpUce 
DupUcate 

11-11-87 
11-11-87 

11-12-87 
11-12-87 
11-12-87 
11-12-87 
11-12-87 
11-12-87 
11-12-87 

— 
— 

— 

Extrartion Date, 

11-16-87 
11-16-87 
11-16-87 
11-16-87 
11-16-87 
11-16-87 
11-16-87 
11-16-87 
11-16-87 
11-16-87 
11-16-87 
11-16-87 
11-16-87 
11-16-87 

Analvsis Date 

12-03-87 
12-03-87 
12-03-87 
12-04-87 
12-04-87 
12-04-87 
12-04-87 
12-04-87 
12-04-87 
12-04-87 
12-04-87 
12-03-87 
12-03-87 
12-03-87 

These marine sediment samples were coUerted on November 11 and 12, 1987 and 
received by the laboratory on November 13, 1987. Holdmg times for sample extraction 
and analysis met confrol limits spedfied in the projert QA plan. 

Matrix spiked and matrix spiked duplicate recoveries exceeded QC limits for 4-
nitrophenol. This compound was not deterted in the sample and other MS/MSD results 
were within confrol liinits, thus no acrtion was taken to qualify or rejert sample results. 
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LLI #1212569 (MSO-17.1) 

The laboratory reported that the isomers benzo(b)fluoranthene and benzo(k)fluoranthene 
were not resolved under the sample analysis concUtions. The results reported for 
benzo(b)fluoranthene are the total for both isomers. 

DUution fartor two (DF2) results were reported for all compounds tested. 

The laboratory reported that the computer program did not properly retrieve the interaal 
standard area Umits for chrysene-dl2 and perylene-dl2. The laboratory sent a corrected 
form including manuaUy calculated limits for chiysene-dl2 and perylene-dl2 that indicated 
the semi-volatUe intemal standard areas for these compounds were within QC limits for 
the dUution fartor ten (DFIO) analysis. 

Other QA parameters tested were within control Umits estabUshed in the project QA 
platL 

LLI #1212570 (MSO-18-2) 

The laboratoiy reported that the computer program did not properly retrieve the semi­
volatUe intemal standard area Umits for chrysene-dl2 and perylene-dl2 (DFIO analysis), 
and phenanthrene-dlO, chrysene-dl2, and perylene-dl2 (DFl analysis). The laboratory 
sent corterted forms including manually calculated Urruts that indicated the internal 
standard areas for these compounds were within QC limits for the analyses of both 
dUutions. - . 

Other QA parameters tested were within control limits estabUshed m the project QA 
plan 

LU #1212571 (MSO-18-1) 

The laboratory reported that the isomers benzo(b)fluoranthene and benzo(k)fluoranthene 
were not resolved under the sample analysis conditions. The results reported for 
benzo(b)fluoranthene are the totals for both isomers. 

The laboratory reported that the computer program did not properly retrieve the semi-
volatile intemal standard area limits for chrysene-dl2 and perylene-dl2 (DFIO analysis), 
and phenanthrene-dlO, chrysene-dl2, and perylene-dl2 (DFl analysis). The laboratory 
sent corterted forms including manuaUy calculated liniits that indicated the interaal 
standard areas for these compoimds were within QC limits for the analyses of both 
dUutions. 
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Other QA parameters tested were withm confrol Unuts estabUshed m the projert QA 
plan. 

LU #1212572 (Rep. #3) 

Sample Rep 3 was a field dupUcate of sample MS016-4. There were no senu-volatUe 
target compounds deterted m either sample and the RPD between moisture content 
results was three percent 

The laboratory reported that the computer program did not properly retrieve the semi­
volatUe intemal standard area limits for chiysene-dl2 and peiylene-dl2 (DFIO analysis), 
and phenanthrene-dlO, chiysene-dl2, and perylene-dl2 (DFl analysis). The laboratory 
sent corterted, forms-including manuaUy calculated liinits that indicated the^intemal 
standard areas for these compounds were within QC liniits for the analyses of both 
dUutions. 

Other QA parameters tested were within control liinits established m the projert QA 
plan. 

LLI #1212573 (MSO-17-3) 

The laboratoiy reported that the computer program did not properly retrieve the interaal 
standard area limits for chiysene-dl2 and peiylene-dl2 (DFIO analysis), and 
phenanthrene-dlO, chrysene-dl2, and peiylene-dl2 (DFl analysis). The laboratory sent 
corterted forms including manuaUy calculated limits that indicated the internal standard 
areas for these compounds were within QC liinits for the analyses of both dUutions. 

Other QA parameters tested were within control limits established in the projert QA 
plan. 

LLI #1212574 (MSO-17-2) 

The laboratory reported that the computer program did not properly retrieve the semi­
volatUe mteraal standard area Umits for chrysene-dl2 and perylene-dl2 (DFIO analysis), 
and phenanthrene-dlO, chrysene-dl2, and perylene-dl2 (DFl analysis). The laboratoiy 
sent corterted forms including manuaUy calculated linuts that indicated the interaal 
standard areas for these compounds were within QC limits for the analyses of both 
dUutions. 
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The GC/MS tuning frecjuency exceeded the 12-hour limit for the dUution factor-10 
analysis of this sample. AU instrument tuning ratios were weU within confrol limits and 
no action was taken to qualify data. 

Other QA parameters tested were withui control liniits established in the project QA 
plait 

LU #1212575 (MSO-16-2) 

The laboratory reported that the computer program cUd not properly retrieve the intemal 
standard area Umits for cliiysene-dl2 and perylene-dl2 (DFIO), and phenanthrene-dlO, 
chrysene-dl2, and perylene-dl2(DFl). The laboratory sent corterted forms including 
manuaUy calculated liniits that incUcated the uiteraal standard areas for these compounds 
were within QC linuts for the analyses of both dUutions. 

The GC/MS tuning frequency exceeded the 12-hour Umit for the dUution factor-10 
analysis of this sample. AU instrument mning ratios were weU within control, liinits and 
no action was taken to qualify data. 

Other QA parameters tested were within confrol liinits estabUshed ui the project QA 
plan. 

LLI #1212576 (MSO-16-1) 

The laboratoiy reported that the computer program did not properly retrieve the intemal 
standard area linuts for chrysene-dl2 and perylene-dl2 (DFIO), and phenanthrene-dlO, 
chiysene-dl2, and perylene-dl2 (DFl). The laboratory sent corterted forms including 
manuaUy calculated Umits that incUcated the interaal standard areas for these compounds 
were within QC Umits for the analyses of both dilutions. 

The GC/MS tuning frequency exceeded the 12-hour limit for the dUution fartor-lO 
analysis of this sample. AU instmment mning ratios were weU within control Umits and 
no action was taken to qualify data. 

Other QA parameters tested were within control liinits established in the projert QA 
plan. 
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LLI #1212577 (MSn-16-4) 

Other QA parameters tested were within confrol liniits established in the projert QA 
plan. 

LU #1212578 (MSO-16.3) 

SurtOgate recovery of 2-fluorophenol for the semi-volatile organics analysis was less than 
the lower QC limit of 25 percent The sample was re-extrarted and re-analysis indicated 
that low smrogate recoveiy was probably due to sample matrix interference. No 
qualification was placed on data because only one smrogate was out of spedfication and 
that surtOgate had greater than 10 percent recoveiy. 

Other QA parameters tested were within confrol liniits estabUshed in the project QA 
plan. 

LLI #1212579 (MSO-17-4) 

Other QA parameters tested were within confrol Umits established in the projert QA 
plaiL 

LLI #1212582 (Method Blank) 

The laboratoiy reported that the computer program did not properly retrieve the intemal 
standard area Umits for chiysene-dl2 and peiylene-dl2. The laboratory sent cortected 
forms inclucUng manuaUy calculated liinits that incUcated the interaal standard areas for 
these compounds were within QC limits. 

Other QA parameters tested were within control Umits established in the projert QA 
plan. No target organic compounds were deterted in the method blank incUcating 
laboratory sample analysis procedures did not introduce significant contamination of 
samples. — 

JG:kjr 
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M E M O R A N D U M 

to: 

from: 

re: 

Projert FUe 

Bob SulUvan, QuaUty Assurance Officer 

September 27, 1988 
55-1643-03(0241a) 

Revised: March 2, 1989 

MEMO # M-11 
QA review: ASARCO RI/FS, Marine Sediments Laboratoiy Data 

This QA review includes the following samples analyzed by Lancaster Laboratories, Inc. 
(LU). 

Lancaster 
LD. # 

1213233 
1213234 
1213235 
1213236 
1213237 
1213238 
US DAY 322 
MS DAY 322 
MSD DAY 322 
MB DAY 322 

Parametrix 
I.D. # 

MSO-19-2 
MSO-19-1 
MSO-20-1 
MSO-20-2 
MSO-18-3 
MSO-4-3 
UnspUced 
M. Spike 
M.S.Dup. 

Sample Date. 

11/12/87 
11/12/87 
11/12/87 
11/12/87 
11/12/87 
11/12/87 

— 
— " 
— 

Metiiod Blank — 

Extraction Date 

11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 

Analvsis Date 

12/08/88 
12/08/88 
12/08/88 
12/08/88 
12/08/88 
12/08/88 
12/08/88 
12/08/88 
12/08/88 
12/08/88 

These marine secUment samples were coUerted on 11/12/87 and extrarted within the 
seven day holding time (6 days) and analyzed within the 40 day QC limit (26 days). 

The internal laboratory QA results showed that the spike recoveiy of Phenol-d5 exceeded 
the QC limits of 90 percent No action is requfred to qualify the data based on these 
results alone. 

AU other laboratory QA parameters tested were within established limits except were 
SpecificaUy noted below under each of the samples. 
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LLI # 1213233 MSO-19.2 

A dupUcate moisture content analysis was performed on this sample which did not pass 
QA criteria of 20 percent RPD so a second dupUcate was requfred to achieve a passmg 
level of 6 percent. 

AU other laboratoiy QA parameters tested were within established Umits for this sample. 

LLI # 1213234 MSO-19-1 

The deterted concentration of Phenanthrene was Usted as 0.58 mg/kg while the detection 
threshold was 0.60 mg/kg. As a result Phenanthrene will be considered undetected (<) 
at the 0.60 mg/kg level. 

AU other laboratory QA parameters tested were within estabUshed limits for this sample. 

LLI # 1213235 MSO-20-1 

AU other laboratory QA parameters tested were withm estabUshed limits for this sample. 

LLI # 1213236 MSO-20-2 

AU other laboratoiy QA parameters tested were within established limits for this sample. 

LLI # 1213237 MSO.18-3 

AU other laboratory QA parameters tested were within estabUshed Umits for this sample. 

LLI # 1213238 MSO-4-3 

AU other laboratory QA parameters tested were within established liinits for this sample. 
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to: 

from: 

re: 

Projert FUe 

Bob SulUvan, QuaUty Assurance Officer 

September 27, 1988 
55-1643-03(0241a) 

MEMO # M-12 
QA review: ASARCO RI/FS, Marine Sediments Laboratory Data 

This QA review includes the foUowing samples analyzed by Lancaster Laboratories, Inc. 
(LU). 

Î ancaster 
LD. # 

1214771 
1214772 
1214773 
1214774 
1214775 
1214776 
1214477 
1214478 
US DAY 327 
MS DAY 327 
MSD DAY 327 
M B DAY 327 

Parametrix 
LD. # 

MSO-2-3 
MSO-3-3 
MSO-3-2 
MSO-3-1 
MSO-4-0 
MSO-4-2 
MSO-13-1 
MSO-12-1 
Unspiked 
M. SpUce 
M.S.Dup. 

Sample Date 

11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/17/87 
11/17/87 

— 
— 
— 

Method Blank — 

Extraction Date 

11/23/87 
12/08/87 
11/23/87 
11/23/87 
11/23/87 
11/23/87 
11/23/87 
11/23/87 
11/23/87 
11/23/87 
11/23/87 
11/23/87 

Analvsis Date 

12/05/87 
12/11/87 
12/05/87 
12/05/87 
12/05/87 
12/05/87 
12/05/87 
12/05/87 
12/02/87 
12/02/87 
12/02/87 
12/02/87 

These marine sedunent samples were coUerted on 11/17 and 11/18/87 and extracted for 
the most part within the seven day holding time limit The exception is MSO-3-3 (LU# 
1214772) which had two phases in the original exfraction and had to be re-exfrarted. 
This re-exfraction occmred 20 days after the sample date. The qualifications to this data 
is listed below under the specific sample. 

The percent recovery of Phenol and 2,4-Dinitrotoluene exceeded the spike recovery QA 
liniits in the matrix spUce and the matrix spike dupUcate samples. No cortective action 
has been taken unless other QA criteria are not satisfied. 

AU the other laboratory QA parameters tested were within the limits established in the 
projert QA plan, except where spedficaUy noted below. 
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LLI# 1214771 (MSQ.2-3) 

A dupUcate analysis of the moisture content in this sample showed a relative percent dif­
ference of 5 percent which is withui the QC limit of 20 percent. The interaal standard 
area of Phenanthrene-dlO was less than 50 percent of the 12 hour standard area which 
is the established QA limit Therefore the following compounds are qualified as 
estimated detection limits (N): 

Ruoranthene N-rutrosodiphenylamine 
4-Bromophenyl Phenyl Ether Hexachlorobenzene 
Pentachlorophenol Phenanthrene 
Anthracene Di-n-butyl Phthalate 

AU the other laboratory QA parameters tested were within the limits established in the 
projert QA plan for this sample except where specificaUy noted above. 

LLI# 1214772 (MSO-3-3) 

This sample was re-extrarted and re-injerted. because two phases were present in the 
initial extractiott As a result the matrix spike and the Matrix Spike Duplicate samples 
were different than the other samples covered in this memo. The percent spike recovery 
of Phenol in the Matrix SpUce DupUcate sample exceeded the upper QA limit 

The re-extrartion occmred 20 days after the sampling date and as a result the QC 
holding time limit of seven days was grossly exceeded. Therefore, none of the sample 
results are acceptable and will be flagged as estimates (N or J) since none of the target 
compounds were detected. 

LLI# 1214773 (MSO-3-2) 

The percent smrogate recovery of Phenol-d5 was 126 percent whUe the QA limits are 
24 - 113 percent Suice Phenol was the only surrogate that did not meet the QA Umits 
and the recovery was greater than 10 percent no cortective action is requfred. 



to: Projert FUe# 55-1643-03(0241a). 
from: Bob SulUvan, QuaUty Assurance Officer 
September 27, 1988 
Page 3 

The Interaal Standard area for Phenanthrene-dlO exceeded the upper limit of the 12 
hour- standard area. Therefore the following compounds are qualified as estimated 
detection limits (N): 

Huoranthene 
4-Bromophenyl Phenyl Ether 
Pentachlorophenol 
Anthracene 

N-nifrosocUphenylamine 
Hexachlorobenzene 
Phenanthrene 
Di-n-butyl Phthalate 

AU the other laboratory QA parameters tested were within the liniits estabUshed in the 
projert QA plan for this sample except where specifically noted above. 

LLI# 1214774 (MSO-3-1) 

The Interaal Standard area for Naphthalene-d8 and Acenaphthene-dlO exceeded the 
upper limit of the 12 hour standard area. Since Diethyl Phthalate was the only 
compound detected it wiU be qualified as an estimate (J) while the following compounds 
are qualified as (N) because they were undetected: 

Huorene 
2-Nitrophenol 
Benzoic Add 
2,4-Dichlorophenol 
Naphthalene 
Hexachlorobutadiene 
2-Methyliiaphthalene 
Hexachlorocyclopentadiene 
2,4,5-Trichlorophenol 
2-Nifroanaline 
Acenaphthylene 
Acenaphthene 
4-Nitrophenol 
2,4-Dmitrotoluene 
4-ChIorophenylphenyl ether 

Isophorone 
2,4-Dunethylphenol 
bis(2-Chloroethoxy)methane 
1,2,4-Trichlorobeiizene 
4-ChloroaiiiUne 
4-Chloro-3-methylphenol 
Nifrobenzene 
2,4,6-Trichlorophenol 
2-(Chloronaphthalene 
Dimethyl Phthalate 
3-Nitroanaline 
2,4-Dinifrophenol 
Dibenzofuran 
2,6-Dmitrotoluene 
4-Nifroaniline 

AU the other laboratoiy QA parameters tested were within the Umits established in the 
projert QA plan for this sample except where specificaUy noted above. 



to: Projert FUe# 55-1643-03(0241a) 
from: Bob SuUivan, QuaUty Assurance Officer 
September 27, 1988 
Page 4 

LLI# 1214775 (MSO-4-0) 

The Interaal Standard area for Naphthalene-d8, l,4-Dichlorobeiizene-d4 and Phenan­
threne-dlO exceeded the upper Umit of the 12 hour standard area. Therefore the 
following compounds are qualified as estimated detection limits (N): 

Nifrobenzene Isophorone 
2-Nitrophenol 2,4-Dmiethylphenol 
Benzoic Add bis(2-Chloroethoxy)methane 
2,4-Dichlorophenol 1,2,4-Trichlorobenzene 
Naphthalene 4-Chloroaruline 
Hexachlorobutadiene 4-Chloro-3-methylphenol 
2-Methylnaphthalene Di-n-butyl Phthalate 
Phenol bis(2-Chloroethyl)e±er 
2-Chlorophenol 1,3-Dichlorobeiizene 
1,4-Dichlorobenzene Benzyl Alcohol 
1,2-Dichlorobenzene 2-Methylphenol 
bis(2-Chloroisopropyl)ether 4-Methylphenol 
N-nifroso-Di-n-propylamine Hexachloroethane 
bis(2-EthyUiexyl)Phthalate N-nifrosodiphenylamine 
4-Bromophenyl Phenyl Ether Hexachlorobenzene 
Pentachlorophenol 

For the same reason the following compounds will be qualified as (J) since they were 
detected in the sample. 

Phenanthrene Anthracene 
Huoranthene Pyrene 
Beiizo(a)Anthracene Oirysene 
Benzo(b)fluoranthene Benzo(a)pyrene 

AU the other laboratory QA parameters tested were within the liniits established m the 
projert QA plan for this sample except where specifically noted above. 

LLI# 1214776 (MSO.4-2) 

The Interaal Standard area for Naphthalene-d8, Acenaphthene-dlO and Phenanthrene-
dlO exceeded the upper limit of the 12 hour standard area and the sample was analyzed 
after the 12 hour calibration period. Therefore aU the target compounds are qualified 
as estimated detection limits (N). 
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LLI# 1214477 (MSQ-13-1) 

The smrogate recovery of Terphenyl-dl4 exceeded the QA limit of 137 percent (142%). 
Since Terphenyl was the only smrogate that exceeded the limits and the recovery was 
greater than 10 percent no cortective action is requfred. 

AU the other laboratory QA parameters tested were within the liniits estabUshed in the 
projert QA plan for this sample except where spedficaUy noted above. 

LLI# 1214478 (MSO-U-l) 

The surrogate recovery of Terphenyl-dl4 exceeded the QA Umit of 137 percent (138%). 
Since Terphenyl was the only surtOgate that exceeded the liniits and the recoveiy was 
greater than 10 percent, no cortertive artion is requfred. _ ^ 

AU the other laboratory QA parameters tested were within the limits estabUshed in the 
projert QA plan for tlus sample except where specifically noted above. 
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to: Projert File May 9, 1988 
Revised September 30, 1988 

55-1643-03(024L\) 
from: James Good, Quality Assurance Officer 

re: MEMORANDUM M13 QA Review: ASARCO RI, Marine Sediment Laboratoiy 
Results; Orgaruc Compounds 

This QA review includes the following samples analyzed by Lancaster Laboratories, Inc.: 

LLI I.D. Parametrix I.D. Sample Date Extrartion Date Analysis Date 

1215190 MSO-4-1 11-19-87 
1215191 MSO-5-1 11-19-87 
1215192 MSO-5-0 11-19-87 
1215193 Rep. 4 SoU Sample 11-19-87 
328 Unspiked Soil 
328 Matrbc Spike -
328 Matrix Spike 

Duplicate 
328 Method Blank - 11-24-87 12-08-87 

Matrix spiked recoveries of phenol, 4-chloro-3-methylphenol, and 2,4-dirutrotoluene 
exceeded QC limits for recovery of these compounds. Matrix spiked duplicate recoveries 
exceeded control Umits for 2-chlorophenol, phenol, 4-chloro-3-methylphenol, 4-rufrophenol, 
and 2,4-dinitrotoluene. These compounds were not detected in the sample and other 
MS/MSD results were within control limits, thus no action was taken to qualify or rejert 
sample results. 

The moisture content results reported by the laboratory for sample 1215193 is the 
average moismre content of two aUquots of the sample. 

Field Replicate Analysis 

Sample 1215193 was a field replicate of sample 1215190(MSD-4-l). No target 
compounds were detected in either sample and the laboratory reported the same 
detection Umits in the sample and replicate sample for aU compounds analyzed. 

11-24-87 
11-24-87 
11-24-87 
11-24-87 
11-24-87 
11-24-87 
11-24-87 

12-08-87 
12-08-87 
12-08-87 
12-08-87 
12-08-87 
12-08-87 
12-08-87 



to: Project File 
from: James Good, Quality Assurance Officer 
May 9, 1988 
Revised September 30, 1988 
Page 2 

Interaal laboratory QA results mdicated that all QA parameters tested were within 
control limits established in the project QA plan. 
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M E M O R A N D U M 

to: Project FUe May 24, 1988 
Revised September 30, 1988 

55-1643-03(0241A) 
from: James Good, Quality Assurance Officer 

re: MEMORANDUM M14 QA Review: ASARCO RI, Marine Sediment Laboratoiy 
Results; Organic Compounds 

This QA review includes the following samples analyzed by Lancaster Laboratories, Inc.: 

1215591 
1215592 
1215593 
1215594 
1215595 

1215598 
1215596 
1215597 

MSO-21-1 
MSO-21-2 
MSO-21-3 
MSO-14-1 
MSO-6-0 
(unspiked) 
Method Blank 
Matrix Spike 
Matrbc Spike 
Duplicate 

11-20-87 
11-20-87 
11-20-87 
11-20-87 
11-20-87 

~ 
— 
~ 

11-25-87 
11-25-87 
11-25-87 
11-25-87 
11-25-87 

11-25-87 
11-25-87 
11-25-87 

12-08-87 
12-08-87 
12-08-87 
12-09-87 
12-08-87 

12-08-87 
12-08-87 
12-08-87 

These marine sediment samples were collected on November 20, 1987 and received by 
the laboratory on November 24, 1987. Holding times for sample extraction and analysis 
met control Umits specified in the project QA plan. 

Matrbc spiked recoveries exceeded QC limits for phenol, 4-chloro-3-methylphenol, 
pentachlorophenol, and 2,4-diiiitrotoluene. The relative percent difference (RPD) 
between the spiked result and the duplicate spiked result was twice the 33 percent QC 
limit for 4-cliloro-3-methylphenol. These compounds were not deterted in the samples 
and other MS/MSQ results were within control limits, thus no artion was taken to qualify 
or rejert sample data. 



to: Project FUe (55-1643-03-0241 A) 
from: James Good, QuaUty Assurance Officer j 
May 24, 1988 J 
Revised September 30, 1988 
Page 2 ) 

LLI #1215591 (MSO-21-1) j 

The laboratory reported that the isomers benzo(b)fluoranthene and benzo(k)fluoranthene 
were not resolved under the sample analysis conditions. The result reported for 
benzo(b)fluoranthene is the total concentration of both isomers. 

Other QA parameters tested were within control limits established in the projert QA ,i 
plan. 

LLI #1215592 (MSO-21-2) | 

Semi-volatile internal standard area exceeded the upper QC limit for chrysene-dl2. 
However, the laboratory reported that the analyst judged the data to be vaUd because 
surtOgate standards were in specifications, there were no reportable hits for target , 
compounds, and the increased sensitivity would have enhanced the identification of target 
compounds. Other QA parameters tested were within control limits estabUshed m the j 
projert QA plan. | 

LLI #1215593 (MSO-21-3) | 
i 

Semi-volatile interaal standard area exceeded the upper QC limit for chrysene-dl2. 
However, the laboratory reported that the analyst judged the data to be valid because . 
surtOgate standards were in specifications, there were no reportable hits for target I 
compounds, and the increased sensitivity would have enhanced the identification of target 
compounds. 

Other QA parameters tested were within control limits established in the projert QA ' 

plan. 

LLI #1215594 (MSQ-14-1) 

The laboratory reported that the isomers benzo(b)fluoranthene and benzo(k)fluoranthene j 
were not resolved under the sample analysis conditions. The result reported for ! 
benzo(b)fluoranthene is the total for both isomers. 
Semi-volatile interaal standard areas exceeded the QC liniits for naphthalene-d8 and I 
chrysene-dl2. However, the laboratory reported that the analyst judged the data to be 
valid because surrogate standards were in specifications, there were no reportable hits ; 
for target compounds, and the increased sensitivity would have erihanced the '• 
identification of target compounds. 



i 

to: Projert FUe (55-1643-03-0241A) 
from: James Good, Quality Assurance Officer 
May 24, 1988 
Revised September 30, 1988 
Page 3 

Other QA parameters tested were within control limits established in the projert QA 
plaiL 

LLI #1215595 (MSO-6-0) 

Other QA parameters tested were within liniits established in the projert QA plan. 

( LLI #1215598 Method Blank 

No target orgaruc compounds were detected in the method blank indicating laboratory 
sample analysis procedures did not introduce significant contamination of samples. 

JG:kjr 
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M E M O R A N D U M 

to: Project FUe May 24, 1988 
Revised September 30, 1988 

55-1643-03(024LA) 
from: James Good, Quality Assurance Officer 

re: MEMORANDUM M15 QA Review: ASARCO RI, Marine Sediment Laboratory 
Results, Orgaruc Compounds 

This QA review includes the following samples analyzed by Lancaster Laboratories, Inc.: 

1216900 
1216901 
1216902 
1216903 
1216904 
1216905 
1216906 
1216907 
1216908 
336 
336 
336 

336 

MSO-22.1 
MSO-22-2 
MSO-22-3 
MSO-2-1 
MSO-2-2 
MSO-O-l 
MSO-0-2 
MSO-0-3 
MSO-1-1 
Unspiked Soil 
Matrbc SpUce 
Matrix Spike 
Duplicate 
Method Blank 

11-25-87 
11-25-87 
11-25-87 
11-25-87 
11-25-87 
11-25-87 
11-25-87 
11-25-87 
11-25-87 

— 

~ 

— 

12-02-87 
12-02-87 
12-02-87 
12-02-87 
12-02-87 
12-02-87 
12-02-87 
12-02-87 
12-02-87 

12-02-87 
12-02-87 

12-02-87 

12-09-87 
12-10-87 
12-10-87 
12-10-87 
12-10-87 
12-10-87 
12-10-87 
12-10-87 
12-10-87 
12-09-87 
12-09-87 
12-09-87 

12-09-87 

These marine sediment samples were collected on November 25, 1987 an received by the 
laboratory on December 1, 1987. Holding times for sample extraction and analysis met 
control Umits specified in the project QA plan. 

LLI #1216900 (MSO-22-1) 

The laboratory reported that the isomers benzo(b)fluoranthene and benzo(k)fluoranthene 
were not resolved under the sample analysis conditions. The results reported for 
benzo(b)fluoranthene are the total for both isomers. 



to: Projert FUe (55-1643-03-0241 A) 
from: James Good, (QuaUty Assurance Officer 
May 24, 1988 
Revised September 30, 1988 
Page 2 

Semi-volatUe interaal standard areas were reported to be zero for chrysene-dl2 and 
perylene-d 12. 

Other QA parameters tested were within control limits established in the projert QA 
plan. 

LLI #1216901 (MSO-22-2) 

Intemal laboratory QA results indicated that all laboratory QA parameters tested were 
within limits estabUshed in the project QA plan. 

LLI #1216902 (MSO-22-3) 

Interaal laboratory QA results indicated that all laboratory QA parameters tested were 
within Umits established in. the project QA plan. 

LLI #1216903 (MSO-2-1) 

Interaal laboratory QA results indicated that all laboratory QA parameters tested were 
within limits estabUshed in the project QA plan. 

LLI #1216904 (MSO-2-2) 

Semi-volatUe mternal standard areas were less than the lower QC lunits for 1,4-
dichlorobenzene-d4, naphthalene-d8, acenaphthene-dlO, phenanthrene-dlO, chiysene-dl2, 
and peiylene-dl2. FoUowing re-injertion and re-analysis of the sample, aU semi-volatile 
interaal standard areas were within QC linuts. 

Other QA parameters tested were within control limits established in the projert QA 
plan. 

LLI #1216905 (MSO-O-l) 

The laboratory incortectiy labeled the sample as MSO-2-2 on the cover sheet and results 
pages in the QA package. 

Intemal laboratory QA results indicated that all laboratory QA parameters tested were 
within limits established in the project QA plan. 

...) 



to: Projert FUe (55-1643-03-024IA) 
from: James Good, QuaUty Assurance Officer 
May 24, 1988 
Revised September 30, 1988 
Page 3 

LLI #1216906 (MSO-0-2) 

The semi-volatUe interaal standard area exceeded the upper QC Umit for chrysene-dl2. 
However, the laboratory reported that the analyst judged the data to be vaUd because 
surtOgate standards were in specifications, there were no reportable hits for target 
compounds, and the inrteased sensitivity would have enhanced the identification of target 
compounds. 

Other QA parameters tested were within control liniits specified in the projert QA plan. 

LLI #1216907 (MSO-Q-3) 

Internal laboratory QA results indicated that all laboratory QA parameters tested were 
wUhin Umits established in the project QA plan. 

LLI #1216908 (MSO-1-1) 

Internal laboratory QA results indicated that all laboratory QA parameters tested were, 
within limits established in the project QA plan. 

JG:kjr 
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r to: 

from: 

; re: 

Projert FUe 

James Good, Quality Assurance Officer 

QA Review: ASARCO RI, Marine Sc 

55-1643-03(024LA) 

Febmary 21, 1989 

Total Metals 

This QA review includes the following marine sediment core samples analyzed by 
ASARCO for total metals: 

ASARCO I.D. 

88-8386 
88-8388 
88-8390 
88-8392 
88-8394 
88-8396 
88-8761 
88-8762 
88-8763 
88-8764 
88-8765 
88-8766 
88-8767 
88-8768 
88-8769 
88-8770 
88-8771 
88-8772 
88-9121 
88-9122 
88-9123 
88-9124 
88-9125 
88-9126 
88-9127 
88-9128 
88-9129 
88-9130 
88-9131 

Parametrbc I.D. 

lOA-01 
lOA-12 
lOA-23 
lOA-34 
lOA-45 
lOA-78 
10-01 
10-12 
10-23 
10-34 
10-45 
10-230 Duplicate 
10-1015 
T7-2-01 
T7-2-12 
T7-2-23 
T7-2-34 
T7-2-45 
T13-2J-01 
T13-2.5-12 
T13-2.5-23 
T13-2.5-34 
T13-2.5-45 
T13-2.5-910 
T16-0-01 
T16-0-12 
T16-0-23 
T16-0-34 
T16-0-45 

Date Sampled 

11-16-88 
11-16-88 
11-16-88 
11-16-88 
11-17-88 
11-17-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
11-30-88 
12-01-88 
12-01-88 
12-01-88 
12-01-88 
12-01-88 
12-05-88 
12-05-88 
12-05-88 
12-05-88 
12-05-88 
12-05-88 
12-07-88 
12-07-88 
12-07-88 
12-07-88 
12-07-88 

Date Analyzed 

01-30-89 
01-30-89 
01-30-89 
01-30-89 
01-30-89 
01-30-89 
01-30-89 
01-30-89 
01-30-89 
01-31-89 
01-30-89 
01-30-89 
01-31-89 
01-30-89 
01-30-89 
01-30-89 
01-30-89 
01-30-89 
01-30-89 
01-30-89 
01-30-89 
01-30-89 
01-31-89 
01-31-89 
01-30-89 
01-30-89 
01-30-89 
01-30-89 
01-30-89 



to: Project FUe 55-1643-03(0241 A) 
from: James Good, Quality Assurance Officer Febmary 21, 1989 
page 2 

88-9132 T16-0-1012 12-07-88 01-31-89 
88-9188 7-2-910B 12-09-88 01-30-89 
88-9189 7-2-1015 12-09-88 01-30-89 
88-9225 2-01 12-13-88 01-30-89 
88-9226 2-12 12-13-88 01-30-89 
88-9227 2-23 12-13-88 01-30-89 
88-9228 2-34 12-13-88 01-31-89 
88-9229 2-45 12-13-88 01-30-89 
88-9230 2-78 12-13-88 01-31-89 
89-3 2-120 Duplicate 12-13-88 01-30-89 

These marine sediment core samples were collected between November 16 and 
December 13, 1988, and generally received by the laboratory within sbc days following 
coUection. Sample 2-120 Duplicate wa.s received 23 days after sample collection. AU 
total metals analyses were completed well within the sbc-month holding time Umit. 

The laboratory made an error in reading the 255 ppm zinc result from the calibration 
curve for sample T13-2.5-23. The correct result is 270 ppm total zinc. 

The relative percent differences (RPDs) between results for field duplicate samples 10-
23 and 10-230 were all less than 30 percent except the RPD for copper (50 percent). 
The RPDs between field dupUcate results for samples 2-12 and 2-120 were all less than 
25 percent except the coarse fragments RPD (56 percent). The amount of variability 
seen in these results was judged to be acceptable, especially since the samples were 
collected from separate cores. 

Other QA parameters tested were within control Umits and no action was taken to 
quaUfy sample data. 

JG:kjr 
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to: 

from: 

re: 

This QA 

Project FUe 

James Good, Quality Assurance Officer 

QA Review: ASARCO RL ] 
Tox Metals 

review 
ASARCO for EP 

ASARCO I.D. 

88-8387 
88-8389 
88-8391 
88-8393 
88-8395 
88-8397 
88-8773 
88-8774 
88-8775 
88-8776 
88-8777 
88-9133 
88-9134 
88-9135 
88-9136 
88-9137 
88-9138 
88-9139 
88-9140 
88-9141 
88-9142 
88-9143 
88-9144 
88-9190 
88-9191 
88-9192 
88-9193 
88-9194 
88-9195 

incrludes the following 
Toxidty metals and pH 

Parametrix LD. 

lOA-01 
lOA-12 
lOA-23 
lOA-34 
lOA-45 
lOA-78 
T7-2-01 
T7-2-12 
T7-2-23 
T7-2-34 
T7-2-45 
T13-2.5-01 
T13-2.5-12 
T13-2.5-23 
Tl 3-2.5-34 
T13-2.5-45 
T13-2.5-910 
T16-0-01 
T16-0-12 
T16-0-23 
T16-0-34 
T16-045 
T16-0-1012 
T7-2-910B 
T7-2-1015 
10-01 
10-12 
10-23 
10-34 

55-1643-03(0241A) 

March 1, 1989 

Vlarine Sediment Core Laboratory Results; EP 

marine sediment core 
• • 

Date Sampled 

11-16-88 
11-16-88 
11-16-88 
11-16-88 
11-17-88 
11-17-88 
12-01-88 
12-01-88 
12-01-88 
12-01-88 
12-01-88 
12-05-88 
12-05-88 
12-05-88 
12-05-88 
12-05-88 
12-05-88 
12-07-88 
12-07-88 
12-07-88 
12-07-88 
12-07-88 
12-07-88 
12-09-88 
12-09-88 
11-30-88 
11-30-88 
n-30-88 
11-30-88 

samples analyzed by 
_" • 

Date Analyzed 

02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
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to: 
from: 
page 2 

Project File 
James Good, Quality Assurance Officer 

55-1643-03(024 IA) 
March 1, 1989 

88-9196 
88-9197 
88-9198 
88-9231 
88-9232 
88-9233 
88-9234 
88-9235 
88-9236 
89-4 

10-45 
10-230 (DupUcate) 
10-1015 
T2-1-01 
T2-1-12 
T2-1-23 
T2-1-34 
T2-1-45 
T2-1-78 
T2-1-120 (Duplicate) 

11-30-88 
11-30-88 
11-30-88 
12-13-88 
12-13-88 
12-13-88 
12-13-88 
12-13-88 
12-13-88 
12-13-88 

02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 
02-01-89 

These marine sediment core samples were collected between November 16 and 
December 13, 1988, and generally were received by the laboratory withui sbc days 
following coUection. Sample 2-120 (Duplicate) was received 23 days after sample 
coUectiorL Mercury wa.s analyzed on. January 27, 1989, thus exceeding the 28-day holdirig 
time limit for aU sanilcs. All.mercury results will be flagged as estimates (J or N). 
Other metals were aiv'yzed well within the six-month holding time requirements. 

The irutial calibration verification (ICV) percent recovery for the colorimetric analysis of 
arsenic on January 31 (85 percent) was less than the 90 percent minimum control limit 
Arseruc results for the following samples may be biased low and wUl be flagged as 
estimates (J): 

lOA-01 
T7-2-01 

T7-2-12 
T7-2-2.̂ . 

T7-2-34 
T7-2-45 

T13-2.5-01 
TI3-2.5-12 

T13-2.5-23 
T13-2.5-34 

The ICV recovery for iiiercury (129 percent) exceeded the 120 percent upper confrol 
limit but no action \, us taken to qualify data because mercury was not deterted in 
associated samples, 

Umited sample voluircs did not allow the laboratory to analyze laboratory dupUcate 
samples for barium a:id pre-digestion spikes for barium and zinc. 

The relative percent ci 
and 10-230 were 127 
field duplicates 2-12 ii 
these same field dupli 
zinc were aU less thv 
extractable metals co;: 
additional analytical 
duplicate results were 

ifferences (RPDs) between results for field duplicate samples 10-23 
percent for arsenic and 88 percrent for zinc. The RPDs between 
!.:.! 2-120 were 50 percent for lead and 73 percent for zinc. When 
cates were tested for total metals, the RPDs for arseruc, lead, and 
•1 ."0 percent. The high RPDs for EP Tox metals mdicate tiiat 
: -durations are more variable than total metals concentrations and 
cTors may be introduced by the extraction procedure. Field 
not used to qualify sample data. 
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to: Projert File 55-1643-03(024L\) 
from: James Good, Quality Assurance Officer March 1, 1989 
page 3 

A review of the raw data revealed an error in the zinc calculations for sample T7-2-
34. The correct result for this sample is 1.18 ppm zinc not 0.12 ppuL The laboratory 
is sending cortected forms to document the error. 

Other laboratory QA parameters tested were within control limits estabUshed in the 
/ projert QA plan. 
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M E M O R A N D U M 

to: 

from: 

re: 

Projert FUe 

Bob SuUivan, QuaUty Assurance Officer 

Febmaiy 21, 1989 
55-1643-03(0241a) 

Revised: March 2, 1989 

MEMO # MSC-1 
QA review: ASARCO RI/FS, Marine Sediment Coring Laboratoiy Data 

This QA review includes the foUowing samples analyzed by Lancaster Laboratories, Inc. 
(LU). 

Lancaster 
LD. #. 

1334773 
1334774 
1334775 
1334776 
1334777 
1334778RE 
1334779RE 
1334780 
1334781 
1334782 
1334783 
1334784 
1335592 
1335587 
1335588 
1335589 

Parametrix 
LD. # 

10-01 
10-12 
10-23 
10-34 
10-45 
10-230 
10-1015 
T-7-2-01 
T-7-2-12 
T-7-2-23 
T-7-2-34 
T-7-2-45 

Method Blank 
Unspiked 
M. SpUce 
M. S. Dup. 

Sample Date 

11/30/88 
11/30/88 
11/30/88 
11/30/88 
11/30/88 
11/30/88 
11/30/88 
12/01/88 
12/01/88 
12/01/88 
12/01/88 
12/01/88 
— 

— 
— 
— 

Extraction Date 

12/13/88 
12/13/88 
12/13/88 
12/13/88 
12/13/88 
12/13/88 
12/13/88 
12/13/88 
12/13/88 
12/13/88 
12/13/88 
12/13/88 
12/13/88 
12/13/88 
12/13/88 
12/13/88 

Analvsis Date 

12/27/88 
12/27/88 
12/27/88 
12/27/88 
12/27/88 
12/29/88 
12/29/88 
12/27/88 
12/29/88 
12/29/88 
12/29/88 
12/29/88 
12/23/88 
12/23/88 
12/23/88 
12/23/88 

These marine core samples were coUerted on 11/30/88 and exfrarted on 12/13/88. This 
exceeds the seven day holding time limit so all the results from these samples will be 
flagged as estimates (J) or estimated detection Umits (N). 

The percent recovery in the matrix spike and matrix spike dupUcate samples were out 
of Umits for seven of the eleven spike compounds. 



to: Projert FUe #55-1643-03(0241a) 
from: Bob SuUivan, QuaUty Assurance Officer 
Febmary 21, 1989 
Page 2 

There were frace levels (below the detection Umit) of cU-n-butylphthalate in the method 
blank. Trace amounts were also found in most of the samples indicating a lab 
contamination problem for that compound. However, since the levels ui the blanks and 
samples were simUar and below tiie caUbrated detection liinits for the system no 
quaUfications are requfred. 

LLI# 1334773 10-01 

The surtOgate recovery of 2,4,6-tribromophenol was above the control Umits for this 
sample. Since the data is being flagged because of the holding time problem, no 
addition qualifications are needed for the high surtogate recovery. 

AU other QA parameters for this sample were within the limits established in the projert 
QA plan. 

LLI# 1334774 10-12 

AU QA parameters for this sample were within the limits estabUshed in the projert QA 
plan except for the holding time problem described above. 

LLI# 1334775 10-23 

AU QA parameters for this sample were within the lunits established in the projert QA 
plan except for the holding time problem described above. 

LLI# 1334776 10-34 

AU QA parameters for this sample were withm the Umits established in the projert QA 
plan except for the holcUng time problem described above. 



to: Projert File #55-1643-03(0241a) 
) from: Bob SulUvan, QuaUty Assurance Officer 
( Febmary 21, 1989 

Page 3 

j LLI# 1334777 10-45 

The smrogate recovery of 2,4,6-tribromophenol was above the confrol limits for this 
/ sample. Since the data is being flagged because of the holding time problem, no 
( addition quaUfications are needed for the high smrogate recovery. 

AU other QA parameters for this sample were within the limits established in the projert 
/ QA plan except for the holding time problem described above. 

I LLI# 1334778RE 10-230 

This sample was re-injerted because the recoveiy of the interaal standard perylene-d 12 
j was out of limits. All QA parameters for the re-injertion were within the limits es­

tablished in the project QA plan except for the holding time problem described above. 

t 

I LLI# 1334779RE 10-1015 

! This sample was re-injerted because the recovery of the interaal standard perylene-d 12 
.' was out of limits. Ail QA parameters for the re-injertion were within the liinits es­

tablished in the projert QA plan except for the holding time problem described above. 
( 
( 

LLI# 1334780 T-7-2-01 

1 The smrogate recovery of 2,4,6-tribromophenol was above the control limits for this 
sample. Since the data is being flagged because of the holding time problem, no 
adcUtion cjualifications are needed for the high smrogate recovery. 

AU other QA parameters for this sample were within the limits estabUshed in the project 
QA plan except for the holding tune problem described above. 

LLI# 1334781 T-7-2-12 

• All QA parameters for this sample were within the limits established in the projert QA 
plan except for the holding time problem described above. 
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LLI# 1334782 T-7.2-23 

AU QA parameters for this sample were within the limits estabUshed in the projert QA 
plan except for the holding time problem described above. 

LLI# 1334783 T-7-2-34 

AU QA parameters for this sample were within the Umits established in the project QA 
plan except for the holding time problem described above. 

LLI# 1334784 T-7-2-45 

All.QA parameters for this sample were within the Umits established in the projert QA 
plan except for the holding time problem described above. 
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QA review: ASARCO RI/FS, Marine Sediment Corfrig Laboratory Data 

This QA review includes the foUowing samples analyzed by Lancaster Laboratories, Inc. 
(LU). 

Lancaster 
LD. # 

1337281 
1337282 
1337283 
1337284 
1337285 
1337286 
1337287 
1337288 
1337289 
1337290 
1337291 
1337292 
1337293 
1337294 

Parametrix 
I.D. # 

T-13-2.5-12 
T-13.2.5-23 
T-13-2.5-34 
T-13-2.5-45 
T-13-2.5-910 
T-16-0-01 
M. SpUce 
M. S. Dup. 
T-16-0-12 
T-16-0-23 
T-16-0-34 
T-16-0-45 
T-16-0-1012 

Sample Date 

12/5/88 
12/5/88 
12/5/88 
12/5/88 
12/5/88 
12/7/88 
12/7/88 
12/7/88 
12/7/88 
12/7/88 
12/7/88 
12/7/88 
12/7/88 

M E T H O D B L A N K 

Extraction Date 

12/19/88 
12/19/88 
12/19/88 
12/19/88 
12/19/88 
12/19/88 
12/19/88 
12/19/88 
12/19/88 
12/19/88 
12/19/88 
12/19/88 
12/19/88 
12/19/88 

Analvsis Date 

1/5/89 
1/5/89 
1/4/89 
1/4/89 -
1/4/89 
1/4/89 
1/4/89 
1/4/89 
1/5/89 
1/5/89 
1/4/89 
1/5/89 
1/4/89 
12/31/88 

These marine core samples were coUerted on 12/5 and 12/7/88 and extrarted on 
12/19/88. This exceeds the seven day holcUng time limit so all the results from these 
samples will be flagged as estimates (J) or estimated detection limits (N). 

The sample selerted for the Matrix Spike and DupUcate runs (1337286) had to be dUuted 
by a fartor of 50 so the MS/MSD results are not reUable as a result 7 of 11 compounds 
were below the recovery limits for these runs. Since the MS/MSD results alone are not 
uitended to evaluate the precision and accuracy of individual samples no action was taken 
to quaUfy or rejert the sample results. 

AU the other QA parameters for this sample were within the limits established in the 
projert QA plan. 
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LLI# 1337281 (T-13-2.5-12) 

AU QA parameters for this sample were within the limits established in the projert QA 
plan except for the holding time problem described above. 

LLI# 1337282 (T-13-2.5-23) 

AU QA parameters for this sample were within the limits established in the projert QA 
plan except for the holding time problem described above. 

LLI# 1337283 (T-13-2.5.34) 

All QA parameters for this sample were within the liniits estabUshed in the project QA 
plan except for the holding time problem described above. 

LLI# 1337284 (T.13-2.5-45) 

Butylbenzylphthalate was deterted at the detection Umit in the wet weight analysis but 
not Usted as deterted in the dry weight mn. The laboratory incUcated that the 
disrtepancy is due to a rounding problem. Therefore butylbenzylphthalate will be 
considered detected at the estimated detection limit and flagged with a (J) because of 
the holding time problem listed above. 

AU other QA parameters for this sample were within the limits established m the project 
QA plan. 

LLI# 1337285 (T-13-2.5-910) 

AU QA parameters for this sample were within the limits estabUshed in the projert QA 
plan except for the holding time problem described above. 
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LLI# 1337286 (T-16-0-01) 

This sample was run sfraight, and also dUuted by a fartor of 10 and 50 before acceptable 
results were obtained. This was the sample used for the matrix spike analysis so the 
dilution rate put the spike recoveries below the detertion limits of the system therefore, 
the MS/MSD results are not appUcable to these samples. 
AU other QA parameters for this sample were within the limits established in the projert 
QA plan except for the. holding time problem described above. 

LLI# 1337289 (T-16.0-12) 

Benzo(b) and Benzo(k)fluoranthene could not be resolved so the results are combined 
and reported as Benzo(b)fluoranthene. All other QA parameters for this sample were 
within the Umits estabUshed m the projert QA plan except for the holding time problem 
described above. 

LLI# 1337290 (T-16-0-23) 

AU QA parameters for this sample were within the liinits established in the projert QA 
plan except for the holding time problem described above. 

LLI# 1337291 (T-16.0.34) 

All QA parameters for this sample were within the liniits established m the project QA 
plan except for the holding time problem described above. 

LLI# 1337292 (T-16-0-45) 

AU QA parameters for this sample were withm the limits established m the projert QA 
plan except for the holding time problem described above. 

LLI# 1337293 (T-16-0-1012) 

The smrogate recovery of 2,4,6-tribromophenol was above the control limits for this 
sample. Ail other QA parameters for this sample were within the limits established in 
the projert QA plan except for the holcUng time problem described above. 



M E M O R A N D U M 

to: 

from: 

re: 

Projert FUe 

Bob SulUvan, (QuaUty Assurance Officer 

Febmaiy 21, 1989 
55-1643-03(0241a) 

Revised: March 2, 1989 

MEMO # MSC-3 
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This QA review includes the foUowing samples analyzed by Lancaster Laboratories, Inc. 
(LU). 

Lancaster 
LD. # 

1330790 
1330791 
1330792 
1330793 
1330794 
1331588 
U.S.Day 335 
M.S.Day 335 
M.S.D.Day 335 
Metiiod Blank 

Parametrix 
I.D. # 

lOA-01 
lOA-12 
lOA-23 
lOA-34 
lOA-45 
lOA-78 
— 
— 
— 

— 

Samnle Date 

11/16/88 
11/16/88 
11/16/88 
11/16/88 
11/17/88 
11/17/88 

— 
— 
— 

Extraction Date 

11/29/88 
11/30/88 
11/30/88 
11/30/88 
11/30/88 
11/29/88 
11/30/88 
11/30/88 
11/30/88 
11/30/88 

Analvsis Date 

12/3/88 
12/9/88 
12/9/88 
12/9/88 
12/4/88 
12/5/88 
12/2/88 
12/2/88 
12/2/88 
12/2/88 

These marine core samples were coUerted on 11/16 and 11/17/88 and extracted on 
11/29 and 11/30/88. TWs exceeds the seven day holding tune limit so all the results 
trom these samples will be flagged as estimates (J) or estimated detection limits (N). 

The percent recovery of 2,4-dimtrotoluene exceeded the confrol liniits for the matrix 
spike and matrix spike dupUcate samples. Since the MS/MSD results alone are not 
intended to evaluate the precision and accuracy of incUvidual samples no action ^x^ tsdcen 
to quaUfy or rejert the sample results. 

AU the other QA parameters for these samples were within the liinits established in the 
projert QA plan. 

LLI# 1330790 (lOA-01) 

This sample was re-exfrarted and injerted due to smrogate recovery problems in the first 
run. AU QA parameters were within the liinits established in the projert QA plan for 
the second run except for the holding time problem described above. 
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LLI# 1330791 (lOA-12) 

Smrogate recoveries of 2-fluorobiphenol and nitrobenzene were below the control liinits 
for this sample. No additional action is requfred since aU the data is flagged as 
estimates because of the holcUng time problem described above. 

The detection Umits were higher than normal due to matrix mterferences. The results 
of Benzo(b) and Benzo(k) fluoranthene could not be resolved so they are reported as 
Beiizo(b)fluoranthene. 

AU other QA parameters for this sample were within the limits estabUshed in the project 
QA plan. 

LLI# 1330792 (lOA-23) 

The detection liniits were higher than normal due to matrix interferences. The results 
of Benzo(b) and Benzo(k) fluoranthene could not be resolved so tiiey are reported as 
Benzo(b)fluoranthene. 

AU other QA parameters for this sample were within the lirnits estabUshed in the project 
QA plan except for the holding time problem described above. 

LLI# 1330793 (lOA-34) 

AU QA parameters for this sample were within the Umits established in the project QA 
plan except for the holcUng time problem described above. 

LLI# 1330794 (10A.45) 

AU QA parameters for this sample were within the limits established in the projert QA 
plan except for the holding time problem described above. 

LLI# 1331588 (IOA-78) 

The sample was re-injerted because surtogate recoveries did not meet confrol limits for 
the original injectioiL This re-injection was within surtOgate recovery liniits. 

AU other QA parameters were within the limits estabUshed m the projert QA plan for 
the second run except for the holding time problem described above. 

. .1 
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(LU). 

Lancaster Parametrix 
I.D. # I.D. # 

1339652 T2-1-2-G1 
1339653 T2-1-2-23 
1339654 T2-1-2-34 
1339655 T2-1-2-45 
1339656 T2-1-2-78 
U.S,Day 365 — 
M,S.Day 365 — 
M.S.D.Day 365 — 
Method Blank — 

Samnle Date 

12/13/88 
12/13/88 
12/13/88 
12/13/88 
12/13/88 
— 
— 
— 

— 

Extraction Date 

12/30/88 
12/30/88 
12/30/88 
12/30/88 
12/30/88 
12/30/88 
12/30/88 
12/30/88 
12/30/88 

-" 

Analvsis Date 

1/7/89 
1/7/89 
1/5/89 
1/5/89 
1/5/89 
1/5/89 
1/5/89 
1/5/89 
1/5/89 

These marine core samples were coUerted on 12/13/88 and extrarted on 12/30/88. 
This exceeds the seven day holcUng time Umit so all the results from these samples will 
be flagged as estimates (J) or estimated detection Umits (N). 

There were frace levels (below the detection limit) of di-n-butylphthalate in the method 
blank. Trace amounts were also found in most of the samples incUcating a lab 
contamination problem for that compound However, since the levels in the bliiks and 
samples were simUar and below the caUbrated detection limits for the system no 
quaUfications are requfred. 

AU the other QA parameters for this sample were withiil the Umits established in the 
projert QA plan. 

LLI# 1339652 (T2-1-2-01) 

All QA parameters for this sample were within the liinits estabUshed in the projert QA 
plan for the second run except for the holding time problem described above. 
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LLI# 1338756 (T7-2-910B) 

AU QA parameters for this sample were within the limits established ui the projert QA 
plan for the second run except for the holdiiig time problem described above. 
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BASELINE HEALTH RISK ASSESSMENT 
EXECUTIVE SUMMARY 

Background 

The Tacoma Plant, owned by ASARCO Inc., operated as a smelter from 1890 to 1985. The 
mato activities were the smelting of copper and the production of various bs^iroducts 
tocluding arsenic and liquid sulfur dioxide. The site covers 67 acres bordering 
Commencement Bay. the town of Ruston. and sections of uiban Tacoma. Washington. 

Under the terms of a 1986 consent order. ASARCO Inc. is required to demolish various 
facilities associated with copper smelttog at the Tacoma Plant, and to conduct a Remedial 
tovesligatlon and Feasibility Study of the site to agreement with the U.S. Environmental 
ProtecUon Agency. Region X. In accordance with the consent order. Asarco has already 
completed some site remedial activities such as removal of selected buildings. 

As part of the Remedial Investigation. Asarco has retatoed Environmental Toxicology 
totematlonal. Inc. (ETTI). to perform a baseltoe health risk assessment to estimate human 
health risks associated witli lifetime exposure to (1) the chemicals presently to the soil at 
the site and (2) offsite concentrations of metals to fugitive dust. Tlie three hypothetical 
exposure scenarios, developed cooperatively wltli Asarco and the EPA, evaluate the risks 
from residential site use. todustrial site use. and offsite residential exposure to fugitive 
dust. Risks to offsite residents due to the existing levels of metals to soUs were calculated 
to the Ruston/Vashon Island Endangerment Assessment. 

This report was prepared for the exclushre use of ASARCO Inc. and the EPA, All work was 
conducted to accordance with generally accepted state and federal guideUnes at the time of 
our tovestlgation. No other warranties, expressed or impUed. are made as to the 
professional advice provided. 

Indicator Chemlt;;^!?^ 

The todlcator chemical selection process for this assessment tovohred a detailed review of 
the site characterization data, regional background concentrations, soil analytical results, 
ambient levels to air. chemical toxicity, and chemical environmental fate and transport. 
Those chemicals that pose the greatest potential health risk at the site were chosen as 
"todlcator chemicals". 

The majority of hazardous substances detected to site soils are metals associated with the 
smelttog and reOning operations. Tlie metals selected as todlcator chemicals at the site are 
antimony, arsenic, cadmium, copper, chromium, lead, mercury, and nickel Organic 
chemicals of concem at the site are the hlgh-molecular-welght variety of polycyclic aromatic 
hydrocarl)ons (HPAHs) and PCBs. These organic chemicals occur to disttoct "hot spots" of 
contamination but are not distributed throughout the site. 

Unsubstituted dibenzofuran, unsubstituted dibenzothiophene. and m-nltioanlltoe are 
conservatively tocluded as possible chemicals of concern. These chemicals lack the 
necessaiy EPA criteria to be quantitatively evaluated by the todlcator chemical screen. The 

>;.•. 



available evidence indicates that these chemicals are of minor health concem at the few 
locations where they were detected on site. 

E^osure Assessment 

Three separate scenarios are considered that cover a range of possible exposure conditions 
for hypothetical populations exposed to the site. These scenarios assume that current soil 
conditions remato unchanged (no-action alternative). A residential scenario, which 
considers lifetime exposure to the site to its current condition by a hypothetical resident 
livtog on the site, is used~to estimate tlie worst-case exposure scenario. An todustrial 
scenario considers the potential exposure for workers If the site is developed for heavy or 
light todustiy. An offsite residential scenario evaluates exposure to fugitive dust by a 
population residing near the boundaries of the Asarco property. 

The relevant pathways and routes of exposure to the todlcator chemicals at the site depend 
on the type of chemical and the population of concem. For onsite residents, the most 
importemt pathways were determtoed to be togestlon of metals and organic chemicals to 
soU. togestlon of metals to home-grown vegetables, inhalation of metals in dust, and dermal 
absorption of organic chemicals In soil. Workers are assumed to have the same routes of 
exposure as residents, except that togestlon of home-grown vegetables Is not tocluded as an 
exposure pathway. For offsite residents, the palliways of concem are inhalation of metals 
to fugitive dust and togestlon of metals to soil from deposition of dust from the site. 

Exposure to surface water to the cooling pond on site appears to be a less significant 
exposure pathway than exposure to surface soil. This deteiminaUon Is. based on an 
examination of cooling pond sediment analytical data. Copper may be an exception given 
the elevated levels of this metal to soil near the pond. A screening evaluation of acute 
exposure to total metals, in storm water runoff yielded no significant exposures, assumtog 
one-time togestlon exposure by children playing to puddles. Exposure to fish to 
Conunencement Bay has been studied by the Commencement Bay/Nearshore Tide Flats 
Feasibility Study and thus is not duplicated to this report. 

Toxicity Assessment 

The toxicity assessment section summarizes the toxic effects associated with the calculated 
doses of the todlcator chemicals to which hypothetical onsite and offsite populations are 
exposed. The EPA criteria used to calculate the quantitative risk estimates from the 
exposure doses are described. The toxlcological properties of mai^ of the todlcator 
chemicals are presented to more detail to Appendix C. including discussion of effects 
associated with higher concentrations of these chemicals. 

Dibenzofuran and m-nltroaniltoe were evaluated qualitatively to the toxicity assessment 
because the available data were insufficient to evaluate their associated health risks 
quantitatively. The available toxicological Information does not todicate that these 
chemicals would be a major health concem at the low levels that occur on the site. 
Moreover, neither have been shown to be carctoogenlc and thus exclusion of these 
chemicals from the quantitative risk assessment will not affect the overall carctoogenlc risk 
for the site. Dibenzothiophene lacks sufllcient toxicological data to be evaluated. This 
chemical is structurally similar to dibenzofuran and was detected at lower levels. 

U 



Risk Characterization 

A range of quantitative risk estimates are given for both carctoogenlc and non-carctoogenic 
effects. Carctoogenlc risk is the risk of developtog but not necessarily dytog of cancer. — 

Risk estimates for carctoogenlc effects due to exposures at the Asarco site are compared to 
target risk levels set by the EPA (10*4 to 10-7). Non-carctoogenic effects were assessed by 
comparing the dose of each todlcator chemical by each route of exposure to the acceptable 
daily totake for chronic exposure developed by the EPA. 

The major determtoant of carcinogenic risk for tlie site is arsenic, primarily via ingestion. 
Risks are highest for the hypothetical residential use scenario (10*1 to 10-3) and about an 
order of magnitude lower for the todustrial use scenario. 

Risks associated with HPAHs are 10-3 to 10-5 for "worst-case" and "typical" exposure 
respectively, assuming that all HPAHs are the carctoogenlc benzolajpyrene. HPAHs were 
localized to a few "hot spots" and were not delected to most areas. 

The risks for the other carctoogenlc substances (inhalation of chromium, nickel, and 
cadmium, and oral and dermal exposure to PCBs) are 10-5 or lower and wlthto EPA 
guideUnes for allowable exposure. 

Risks to offsite residents due to inhalation of carctoogenlc metals to fugitive dust are wlthto 
allowable guldeltoes. Worst-case risks are 10*4 at the site boundary and 10-5 for more 
realistic exposure at 0.4 kilometer from the site boundary. Arsenic is the primaiy source of 
this risk. Based on "worst-case" calculations, deposition of arsenic to fugitive dust is not 
expected to tocrease the lifetime risk to offsite residents measurably above current risks 
calculated for soil ingestion, which have been estimated to be 10*2 to 10-3 (Black and 
Veatch. 1988). Despite this relatively high risk (one-to-a-hundred to one-to-a-thousand), 
epidemiological studies of the surroundtog community have not shown statistically 
significant tocreases to morbidity or mortaUty relative to the general population 
(summarized by Black and Veatch. 1988). Although epidemiological studies are inlierently 
weak statistically, this discrepancy may also be explatoed by the tendency for current risk 
assessment metliodology to overestimate cancer risks to most residents near this site and 
thus to theoretically predict far more cases of cancer to the population than are actuaUy 
observed. Few todivlduals would match the worst-case exposure assumptions used such 
as conttouous lifeUme residency and high contaminant intake rates. 

Major determtoants of non-carctoogenic risks are ingestion of lead, and less importantly 
ingestion of antimony, copper, cadmium, and mercuiy. The latter metals are of concem 
imder "worst-case" exposure conditions but not for more realistic conditions ("typical"). 
Assimitog that children are Uving at the site wiUi present soil conditions, togestlon of lead 
to soil is conseivatlvely estimated to result to a dose that is 60 times the "acceptable" dose 
under "worst-case" conditions and four times the "acceptable" dose under "typical" 
conditions. By comparison, exposure for workers at the site would result to a "worst-case" 
Ingestion dose for lead of live times the acceptable level. "Worst-case" exposure assumes 
that workers ingest soU during earth-movtog activities. Under "typical" exposiu^ 
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conditions, ingestion by workers results to dose estimates below the acceptable level of 
chronic exposure. 

The above-mentioned risk estimates for exposure to lead at the site reflect the conservative 
assumptions used to this risk assessment. The conservative nature of the lead exposure 
assumptions used is further todicated by the lack of an tocrease to blood lead levels to 
chfldren Uving near the site due to increased lead levels to soil. Blood lead levels of school 
children Uving wlthto a mile of the smelter apparently were not elevated to this area relative 
to a control population that was not exposed to the smelter (Glass. 1984). A conseivatlve 
approach to risk estimation is Justified, however, given the higher lead soU concentrations 
on site (average = 3.800 ppm) and the grow tog regulatory concem that adverse effects to 
children may occiu- at lower blood lead levels than previously beUeved to be safe (USEPA. 
1988b). 

Estimated non-carctoogenic risks via inhalation of lead by onsite or offsite populaUons do 
not exceed state and federal guideUnes and are therefore not expected to cause adverse 
effects. 

Conclusions 

Residential use of the site would require reduction of primarily arsenic and secondarily lead 
and HPAH levels. Risks from all other .todlcator chemicals are wlthto EPA aUowable levels 
under typical exposure conditions. Industrial use of the site wUl mainly require reduction 
of arsenic levels.- Worst-case offsite arsenic levels to air are wlthto the 10*4 to 10-7 range of 
target risk levels recommended by the EPA. Worst-case offsite deposition of arsenic to ' 
fugitive dust poses a very smaU tocrease to soil concentration and risk relative to tlie 
existtog levels off site. 

These conclusions are based on conservative assumptions with regard to acceptable pubUc 
health exposures as outltoed by state and federal guldeltoes. 
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I. INTRODUCTION 

Environmental Toxicology totematlonal. toe. (ETI). was retatoed by ASARCO Inc. to assess 
the risks to human health associated with their Tacoma Plant located on the border 
between Ruston and Tacoma, Washington. This report was completed under the terms of 
an agreement with the U.S. Environmental Protection Agency, Region X offlce, and is 
tocluded as Volume 4 of the Remedial tovestlgation prepared for the site (Parametrix et aL, 
1989). 

This totroductory section describes the site and its history of use, and outltoes the focus of 
the health risk assessment. 

A. SITE mSTORT AND CHARACTERIZATION 

The Tacoma Plant, owned by ASARCO Inc. has been used for smelttog operations stoce 
1890. The site covers 67 acres of the 97 acres of Asarco property and borders v 
Commencement Bay, the town of Ruston. and sections of urban Tacoma. The surroundtog •;̂ r 
land use is primarily residential; a yacht club and several commercial buildings are also.'.' 
located neait>y. . j 

The mato function of the Tacoma plant was to smelt and refine copper from copper-bearing ) 
ores and concentrates that were shipped to from other locations. It was to fuU operation •..-, 
imtil 1979. During the plant operation, raaxiy of the by-products of copper smelting were 
further reltoed to produce other marketable products. Dust coUected during the copper 
smelttog process was roasted to yield arsenic trioxide and metallic arsenic. Sulfur dioxide 
from the converter operation was used to produce sulfuric acid and Uquid sulfur dioxide. 
Slag produced by the smelter was recovered and sold as rip-rap. ornamental rock, and road 
baUast by todustrial Mtoeral Products, toe. This material was also used as flU material on 
the site and was deposited at the water's edge, thereby extendtog the property out toto 
Commencement Bay appraximately 450 feet Northwest of the site is a smaU peninsula 
(2,000 feet long) formed from deposited slag. The slag overls^ granular soil, wood wastes, 
and beach gravel deposits. 

After 1979, the reflneiy was closed and copper produced from the smelttog operation was 
shipped to Texas for refining. Emission control devices on the smelter were updated and 
replaced between the years of 1974 and 1985. The smelter section of the plant was dosed 
to March 1985 following a market decltoe to demand for copper and increased overhead 
due to poUutlon controls needed for operation. Arsenic production conttoued imtll 
Febmary of 1986. at which time the plant was closed permanently. 



Site stablUzation activities initiated under a 1986 consent order with U.S. EPA Region X 
include the demoUtlon of faciUties associated with copper smelting and arsenic production 
at the Tacoma Plant The southem sections of the plant, where the arsenic plant, 
electrostatic precipitators and brick flues were located, have been dismantled and the site 
graded. Dismantling of equipment and administrative tasks conttoue at the site. 

B. FOCUS AND UBIITATIONS OF STUDY 

1. Ebqjosure Scenarios of Concem 

E n was retatoed to assess the hmnan health risks caused by exposure to substances of 
potential concem identlfled to site surface soils and assumtog no remediation of current 
soU concentrations. Three exposure scenarios were considered: onsite residential, onsite 
industrial, and offsite residential. These scenarios were developed by agreement with the 
EPA and ASARCO Inc. to represent hypothetical site uses and associated exposure from 
worst-case (residential) to more probable (todustrial). to addition, current exposure tO; 
offsite residents via fugitive dust from the site was also considered. 

The information and sampling data available for completing this report are from the 
Ruston/Vashon Island Endangerment Assessment (Black and Veatch. 1988), the Task 1 
report for the site (Parametrix, 1987). the toterlm Remedial tovestlgation report (Parametrix. 
1988). and Voltunes 1 and 2 of the Remedial Investigation report (Parametrix et aL, 1989). 

The acciKacy of this report depends to part on the quaUty and representativeness of the 
available sampling, exposure, and toxlcological data. Where infoimation is tocomplete, 
conservative assumptions were made so that risk to pubUc health is not imderestimated. 
For example, to absence of data on the speciflc chemical form of the metals, we assumed 
that these metals were present to the most tcodc form possible at the site. Section IV 
presents an evaluation of uncertatotles to the risk assessment resulting from data 
limitations. 

This report was prepared for the exclusive use of ASARCO Inc. and the EPA. AU work was 
conducted to accordance with generally accepted state and federal guldeltoes at the time of 
our investigation. No other warranties, expressed or implied, are made as to the 
professional advice provided. 



n . HAZARD IDENTIFICATION 
( ' • \ 
( 

< A. SABIPLING 

; 1. SoUs 

, Surface soU samples on the site were coUected during the months of October and November 

/ to 1987 by Parametrix, toe. as a part of Round 1 sampltog (Figure 1). AU infoimation on 
sampUng is reported to more detaU to Volumes 1 and 2 of the Remedial Investigation (RI) 

; report (Parametrix et a l , 1989). 
/ \ . 

The site was divided toto dUferent sections based upon historical records of activities at the 
\ site that may have contributed to contamtoatlon of soils. These sections and the number of > 
' soU samples taken are as foUows: 

1) Ten soU samples were taken to the plant administrative area, which tocludes-;;; 
the parking lots, nearby laboratoiy, and oU tanks. 

, 2) Ten soU samples were taken from the cooling pond area, tocluding five? 
f samples fhim pond sediments taken as a part of Round 2 sampling. « 

3) 44 soU samples were taken from the site stabilization area, which tocludes^; 
' the faciUties associated with copper smelttog processes and arsenic; 
; production. 

'S 

to addition, seven to eight surface soU samples were taken during the Installation of 
monitoring wells (see Figure 2-7 of Parametrix et aL, 1989. for locations of surface samples 
taken from monitoring wells 4. 5. 7. 8. 10. 11. 12. and 13). The western portion of the 
plant was not sampled because it is mostly aU slag deposits and pavement and has little 
exposed soU. 

Surface •oil samples were analyzed for hazardous substances list (HSL) semivolatile 
organics and metals. DetaUed data tables for the site are presented to Voliune 2 of the 
Remedial Investigation report (Parametrix et aL, 1989). The sampltog focused on the 
foUowing possible contaminants at the site based on site history and results of compounds 
detected oflishore (Tetra Tech, 1985): 

Metals: arsenic, cadmium, chromium, lead, antimoi^. mercuiy. copper, ztnc, 
nickel, silver, selenium, thalUum, barium. 
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Base-Neutral Organics: dibenzofuran, chlorobenzenes, phthalate esters., 
dinitrotoluenes. low- and high- molecular-weight polycycUc aromatic hydrocarbons 
(LPAH and HPAH). _: 

Acid Extractable Organics: 2-methylphenol, 4-methylphenol, dibenzothiophene, 
methylphenanthrenes. l-methyl(2-methylethyl)benzene. biphenyls. 

Other Analytes: dimethylaniUne. uranium, polychlorinated biphetqrls (PCBs). 

to addition, several other chemicals to the base-neutral and acid extractable class were also 
anafyzed by the laboratory. The complete list of chemicals evaluated to this report is 
presented to ^pendix A (Key to Sample Codes for Organic Chemicals). AU of the metals 
suspected as possible contaminants based on site history were present on the site to some 
measurable concentration. Some chemicals to each of the other groups were not detected. 
Of the base-neutral organics of concem. dichlorobenzenes were not detected. Of the acid 
extractable organics of concem, 2-methylphenol, 4-methylphenol and l-methyl(2-
methylethyDbenzene were not detected. DimethylaniUne and uranlimi were also not 
detected. 

The mean concentrations of the chemicals sampled at the site are presented as a part of the 
todlcator chemical selection to Appendix A. A detaUed description of the concentrations of 
the chemicals and their location can be found in Parametrix et aL (1989). 

A total of 22 surface dnst samples wero also taken during the sampltog. The data were 
used by TRC Environmental Consultants to determtoe particle sizes and relative 
concentrations of metals to airborne dust. This information was used to help detenntoe 
eaqiosure concentrations of metals to dust. 

Smelter slag, which was used to fUl a part of the property, is a soUd. rock-like material 
composed of iron and alumtoum silicates (90%) and smaUer amounts of certato heavy 
metals and other materials. Three surface samples of slag contatoed mainly antimony, 
arsenic, copper, lead, nickel, and ztoc (averages from 770 ppm for nickel to 14.917 ppm for 
antimony). 

2 . ^ 

Arsenic to dust from the site has been monitored at several locations on and off the Asarco 
site since the 1970's. These measurements primarily represent the impacts of plant 
operations and, to a mtoor degree, plant demolition. 
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To determtoe the impact of arsenic to dust for current conditions, TRC Environmental 
Consultants predicted offsite exposure concentrations due to wtod-blown dust from the 
inactive Asaroo faclUty. TRC used the todustrial Source Complex/Long Term model (ISCLT) 
and the Fugitive Dust Model (FDM) as recommended by USEPA (1988d) to determtoe 
ambient levels and deposition of arsenic and other metals at the fadUty and on the 
surroundtog areas. These results are reported for the metals of concem to the foUowtog 
sections. Volume 1 of the RI report (Parametrix et aL, 1989) presents a detaUed description 
of the modeUng and results. 

B. INDICATOR CHEMICAL SELECTION 

1. Basis of Selection 

When many chemicals are present on site. EPA guldeltoes recommend focusing the 
evaluation on a group of "todlcator chemicals" based on the Inherent toxicity, quantity 
present and behavior of the cliemlcals to the environment (USEPA. 1986c). These 
todlcator chemicals are those that are of primary concem to determining site risks. The 
rationale behtod the selection of todlcator chemicals is that If no adverse health effects are 
expected to result from the chemicals of greatest known health concem. then the 
population at risk wiU also be protected from other chemicals not evaluated to the final risk 
characterization, to this assessment, the todlcator chemical selection process tovolved a 
detaUed review of the foUowtog: 

o Site concentrations 
o Routes and frequencies of exposure 
o Exposed population 
o Chemical toxicity 

Each of these steps are discussed to the following sections, to addition, this process Is 
sensitive to the physical/chemical properties and environmental transport characteristics 
that may affect the e3q)osure and health risk evaluation. These characteristics are 
discussed to detaU for the chemicals selected as todlcator chemicals. 

a. Site Concentrations 

To screen for chemicals based on toxicity and concentration, the mean concentration to site 
soUs (Parametrix et aL, 1989) was used as the representative concentration for that 
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chemical, to calculating the mean, concentrations that were below the limit of detection 
were assumed to be present to concentrations equal to half of the average detection limit 
(rather than zero). For chemicals that were not detected to any of the samples, half of the 
detection Umit was used as a representative concentration to detenntoe ff the detection 
limit was sufficiently low to eliminate these chemicals from todlcator chemical list based on 
low risk to pubUc health. 

to a few cases, the detection Hmtt of an todividual sample was higher than the highest 
concentration detected. To eliminate the effect of these artificial^ high detection limits on 
the mean, samples with detection limits greater than twice the average of the sample 
detection limits (todudtog high Umits) were elimtoated from the data set to calculating 
exposure concentrations. ~ 

Ambient concentrations were evaluated for metals that generaUy have more toxic effects via 
inhalation of dust than by other routes of exposure (i.e.. chromium, cadmium. nickeU. The 
maximum annual average concentration for onsite exposure (FDM model) was 
conservatively used to scroen for metals of potential concem to airborne dust. 

b. Routes and Frequency ojEliqxiswe 

Based on the environmental fate and transport characteristics of the chemicals detected at 
the site, the route of most concem for the metals and seml-volatUe organic chemicals is 
ingestion. The exposure assumptions selected to screen for todlcator chemicals are those 
that result to a conseivatlve approximation of worst-case health effects that could result via 
Ingestion of site soils. 

I Chemicals that have a high potential for exposure by another route are also evaluated for 
that route. For example, several metals present to dust at the site are carctoogenlc via 

( inhalation and not by togestlon. These metals were also screened assuming worst-case 
I. inhalation exposure. 

\ Assumptions that were used to devdop the todlcator chemical screen are discussed to 
detaU to the Exposure Assessment Section (Section III). To summarize, assumptions for 
non-caictoogenlc chemicals were: 

o The population at greatest potential risk is the most sensitive age group, Le., 
f a young chUd (body weight 10 kg: Black and Veatch, 1988; USEPA. 1986c). 



o These young chUdren (age zero to one year old) were conservatively assumed 
to Ingest soU at the rate of chUdren ages one to sbc (a "maximum" of 500 mg 
of soU per day; La Goy, 1987) every day of the year. As a comparison, a 
typical soU togestlon rate for one-to slx-year-oId chUdren was also considered 
(100 mg/day; La Goy. 1987). 

o Absorption of aU chemicals was assumed to be 100% of the most toxic foim 
possible on site. 

For carctoogens. the foUowtog conservative assumptions were made: 

o A resident (body weight 70 kg; USEPA, ig86c) spends a Ufetlme at the site 
and never leaves during this period. Because carctoogenlc risks tocrease 
with exposure period, lifetime residents are the most exposed population. 

o togestlon rate of soU Is 200 mg/day for the entire lifespan (twice the worst-
case soU totake rate of chUdren ages six to 11; La Goy. 1987). 

0 The tohalatlon rate is 20 m3/day for a Ufetlme (USEPA, 1986c). 

o Absorption of aU chemicals is 100%. 

c Exposed Population 

At this time, the population most directly exposed to site soils is the few remaining workers 
at the plant Hypothetical use of the site as a residential aroa. however, would result to 

-e^qiosure to chUdren and other members of the public that may be more.sensitive to site 
chemicals. Therefore, to screentog for todlcator chemicals, we evaluated exposure to the 
most sensitive population: hypothetical onsite rosidents. We assumed for this study that 
the hypothetical residential population would be simUar to the current residents to the 
Tacoma area. 

d.ToxlcUy Evaluation 

Current EPA criteria and the toxicological Uteraturo were reviewed to sdecting acceptable 
dose and risk criteria to sdect the todlcator chemicals of concern. Toxidty criteria for non-
caroinogeiUc effects represent an aUowable dose below which no adverse effects are 
expected. Carctoogenlc criteria are potency factors which are used to compute the 
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carctoogenlc risk associated with a given dose. See Section IV, Toxicity Assessment, for a 
complete description of these criteria. 

Some chemicals that lacked specific EPA toxidty criteria could be evaluated with EPA 
criteria developed for structuraUy related chemicals. Where possible we selected rdated 
chemicals that were likely to be more toxic than the chemicals with the unknown criteria. 
For example. polycycUc aromatic hydrocarbons (most of wlUch lack criteria) were evaluated 
with the criteria of one of the most potent carctoogens to this group (benzo(a]pyrene). For 
three detected chemicals, dibenzofuran. dibenzothiophene. and m-nitroaniUne (3-
nitroanlUne). related compounds with toxicity criteria were not available. Consequently, 
these chemicals could not be quantitatively screened. They are conservatively selected as . 
todlcator chemicals and evaluated qualitatively. Twelve chemicals that were not detected. 
also lack criteria (or related criteria) and thus their detection limits could not be evaluated 
quantitatively (see Appendix A). The detection limits of these undetected chemicals are 
therefore assumed to be sufficiently low to todicate these chemicals are not present at 
levels of health concern. 

A chemical was toduded on the Ust of todlcator chemicals ff the worst-case exposure 
prediction yldded the foUowtog: (1) for non-carcinogenic effects, concentrations resulting 
to a dose that exceeded the relevant aUowable levd of exposure (EPA acceptable totake for 
chronic exposure [AlC] or EPA rderence dose (RfD)); or (2) for carcinogenic effects, 
concentrations that would pose a cancer risk greater than 10-8. The EPA recommends 
target risk levels of 10*4 to 10-7 (USEPA, 1986c). This comparison is Ulustrated on the 
spreadsheets to Appendix A ff a chemical had both carctoogenlc and non-carctoogenic 
effects, the more conservative exposure criterion was chosen. 

For the metals with ambient data calculated by THC (Parametrix et aL, 1989). we also 
compared the highest concentrations on the site to the draft Acceptable Ambient Levels 
(AALs) developed for the general pubUc by the Washtogton State Department of Ek:ology 
(WDOE. 1988). Section IV, Toxidty Assessment, describes these criteria to more detail 

Appendix A summarizes how the chemicals were evaluated to the indicator chemical 
sdection. The results of the indicator chemical screen are outltoed bdow. 

This section describes the results of the todlcator chemical process, Indudlng the details of 
their selection, their physical characteristics, and environmental fate and transport 
properties. Table n-A presents the todlcator chemicals and their concentrations measured 
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TABLE n-A 

CURRENT SITE CONCENTRATIONS OF INDICATOR CHEMICALS 
IN SOIL (PPM) 

CHEMICAL MEAN MINIMUM MAXIMUM 

Metals 

Antimony 
Arsenic 
Cadmium 
Chromium^ 
Copper 
Lead 
Mercuiy 
Nickel^ 

Organics 

139. 
9.776. 

67. 
59. 

11.688. 
3,809. 

79. 
83. 

<13. 
11. 
<0.25 
21 . 
41 . 
12. 
0.1 

40. 

3,350. 
262,250. 

498. 
142. 

316,750. 
22,600. 

695. 
538. 

Dibenzofuran 
Dibenzothiophene^) 
HPAHsc 
M-nltroanlUne 
PCBs 

0.54 
0.41 

41.60 
1.24 
0.82 

<0.40 
0.005 

<0.40 
<2.00 
<1.00 

7.2 
1.4 

885. 
11.9 
4.7 

(Parametrix et al., 1989) 

a These metals were sdected as todlcator chemicals based on potential health effects via 
inhedatlon of ambient dusts. 

b Detection limits ranged from 0.3 to 20.0 ppm to most samples; samples with detection 
Umits greater than 9.0 were not used to averagtog. Maximum is the highest detected 
concentration. 

c Mean is a summation of mean concentrations of aU HPAHs sampled; minimnTn reports 
the detection limit at a location to which none of the HPAHs were detected; mazimiun is 
the total concentration of aU HPAHs detected at the location with the highest 
concentrations. 
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'^^^ 
to soU. Table fl-B lists the physical properties of these chemicals. Concentration of metals 

i to air and comparison to relevant background concentrations and AALs are shown to Table 
n-C and Table U-D. 

I o. Metals 

I The metals that were selected as chemicals of concem via ingestion were antimony, arsenic. 
^ cadmium, copper, lead, and mercury. These chemicals resulted to doses exceeding the 

aUowable exposure levels by least two times. Nickel and chromium were sdected as being 
I of potential health concem for carctoogenlc effects via inhalation. 
i 

The source of the metals of concem Is likely to be the copper ore or additives of the refining 
I process. An exception Is chromium, for which the most likely source was the bricks from 

the fumace. These bricks were crushed and reused on site to recover the metals deposited 
f on them, to the process, chromium to the bricks was also rdeased. 
I 
( 

to contrast to the above metals, selenium. sUver. and thalUum barely exceeded the 
[ acceptable level under worst-case exposure assumptions for non-carctoogenic effects; the 
( resulting doses were 1.1 times the aUowable doses (AIC) for these metals. [The average 

thalUum concentration was also toflated by the high detection Umits of the 90% of samples 
with non-detectable concentrations relative to the toxicity of this chemical.] Under typical 
exposure assumptions, concentrations of aU three chemicals were an order of magnitude 
less than the aUowable level. Therdore, selenium, sUver. and thalUum were not tocluded as 

1 todlcator chemicals because they are of relatively low health concem even assuming worst-
case exposure. These metals are not carctoogenlc and therdore their exduslon from the 

I assessment does not affect calculations of overaU carctoogenlc risk d the site. 
{ 

The metals that were selected as todlcator chemicals are discussed separately (bdow). 

i 

( (i). Antimony: The average antimony level to soU resulted to a worst-case dose that is one 
order of magnitude higher than the rderence dose (RfD) for non-carctoogenic effects. 

[ Concentrations were highest to the site stabilization area adjacent to the former arsenic 
^ plant (Figure 1). The maximum annual average concentration to air was 0.04 ug/m3. 

which is more than an order of magnitude bdow the Acceptable Ambient Levd (AAL) for 
this chemical. Thus, this chemical Is not considered as an indicator chemical by the 
inhalation route. 

( Antimony is a relatively rare mtoeral whose chid source is stibnlte (Sb2S3). a mtoeral 
found to hydrothermal veins and hot springs. Antlmoi^ is a heavy tnlneial with an high 
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TABLE n-B 
PHTSICAL CHARAGTBRISTICS OF INDICATOR CHEMICALS 

Chemical CAS« 
Molecular 
Weight 

Vapor 
Pressurel 
(mmHg) 

Water 
SoIubUity 

(mg/l) 
Koc2 log Kow3 

(ml/g) 

Half 
Bloconc.4 UfeS 

fl/kg) (days) 

to 

Metals 
Antimony 
Arsenic 
Cadmium 
Chromium VI 
Copper 
Lead 
Nlckd 
Mercuiy 

Organics 
Dibenzofuran 
HPAHs 
m-Nitroaniline 
PCB 

7440-36-0 
7440-38-2 
7740-43-9 
7440-47-3 
7440-50-8 
7439-92-1 
7440-02-0 
7439-97-6 

132-64-9 
50-32-8 
99-09-2 
1336-36-3 

122 
75 

112 
52 
64 

207 
59 

201 

168 
252 
138 
328 

l.OE+00 
O.OE+00 
0.0E4O0 
O.OE+00 
O.OE+00 
O.OE+00 
O.OE+00 
2.0E-03 

4.4E-03 
5.6E-09 

— 
7.7E-05 

l.OE-02 
1.2E-03 
1.1E+03 
3.1E-02 

na 
na 
na 
na 
na 
na 
na 
na 

5.5E+03 
5.5E+06 

— 
5.3E+05 

na 
na 
na 
na 
na 
na 
na 
na 

4.12 
6.06 

— 
6.04 

1 
44 
81 
16 

200 
49 
47 

5500 

1.4E+03 
2.8E+04 

— 
l.OE+05 

4.8 
5 
4.8 

•3 
— 
4.8 (air) 
" 
4.8 (air) 

— 
434-496 

— 
*2-13 

References (USEPA 1986c. HSBD 1988, Merck 1988). 
1. Vapor pressure is measured at a temperature range of 20 - 30 oc. 
2. Koc = Oiganlc-Carbon Partition Coeffident is a measure of the tendency for oiganics to be adsorbed by soO and sediment and 

todicates a compound's UpophiUc nature. 
3. Kow = Odanol-Water Partition Coefficient Is a measure of how a chemical is distributed at equlUbrium between octanol and water. 
4. ThehiocoDcentratlon fader Is a measurc of the tendency for a chemical to water to. accumulate to fish tissue. 
5. Half-life is the measure of persistence; or how long a chemical wlU remain, to various environmental media. 
6. *Half-llfe measiued to soU unless designated by asterisk which designates water, 
na = not appUcable 
i = insoluble 
— = no data ^A 



TABLE n-C 

ABflBIENT LEVELS OF METALS IN AIR. BACKGROUND LEVELS, AND ACCEPTABLE AMBIENT LEVELS (AAL) 

CHEMICAL BACKGROUND AALC BgAXIMUM ANNUAL AVERAGEd 
USAURBANa CnYCENTERb ISCLT FDM 

(range) TACOMA onsi te onsite 

u 

Antimony 
Arsenic 
Cadmium 
Chromiimi 
Copper 
Nlckd 
Lead 
Mercuiy 

5E-04-
2E-03-
2E-04-
2E-03-
3E-03-
lE-00 
3E-02 • 
6E-04-

• 2E-01 
•2E+00 
•7E+00 
•7E+00 
•5E+00 
• 3E-01 
- lE+Ol 
• 5E-01 

Ina 
3.3E-02 
1.0E-03 
8.1E-03 
2.1E-01 
1.4E-02 
4.0E-01 

toa 

1.2E+00 
2.3E-04 
5.6E-04 

ina 
2.4E+00 
2.0E-03 
4.9E-01 
1.2E-01 

2.12E-02 
1.34E-01 
1.12E-03 
2.28E-03 
1.40E-01 
3.35E-03 
1.19E-01 
7.18E-02 

4.21E-02 
2.68E-01 
2.23E-03 
4.56E-03 
2.80E-01 
6.70E-03 
2.38E-01 
1.44E-01 

NOTE: All units are to ug /m3 

a Ranges are for United States uiban areas (Schroeder. d aL*. 1987). 
b PSAPCA (1986). 
c WDOE (1988). 
d TRC (Parametrix et al.. 1989). ISCLT and FDM models used to estimate these concentrations. 
c Ranges for inoiganic mercuiy. 
Ina = Information not available 

^^0^ 



TABLE n-D 

COMPARISON OF MAXIMUM AMBIENT LEVELS TO STATE 
GUIDELINES AND BACKGROUND LEVELS 

CHEMICAL MAXIMUM ANNUAL AVERAGE MAA/AAL MAA/BACKGROUND 
FDM on site (MAA) 

(ug/m3) 

Antimony 
Arsenic 
Cadmium 
Chromium 
Copper 
Nlckd 
Lead 
Mercury 

0.0421 
0.268 
0.00223 
0.00456 
0.280 
0.00670 
0.238 
0.144 

1 
0.04 na ! 

1165.22 8.12 
3.98 2.23 

na 0;56 | 
0.12 1.33 * 
3.35 0.48 
0.49 0.60 
0.60 na 

Note: Background data are from the city center of Tacoma (PSAPCA, 1986). MAA/AAL 
ratios exceeding one (unity) todicate ambient levels that exceed State guldeltoes 
(WDOE. 1988). 

na a not avaUable 
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boUtog potot. Bdonglng to the same periodic group as arsenic, antimony resembles it both 
chemically and physicaUy. Arsenic, however. Is much more toxic. 

to the atmosphere, antimony is found as stlbtoe gas (Sblls) and antimony trioxide (Sb203).. 
Antimony trioxide has a veiy low vapor pressure, and therdore is not expeded to be 
rdeased toto the atmosphere at normal environmental temperatures. Antimony is not 
likely to be removed by rato because of its low solublUty. The reddence time d antimonjr is 
dependent on its smaU partlde size, low washout coefficients, and low dry deposition 
vdodties (USEPA 1985fl. 

to soU, antimony trioxide persists due to its low soIublUty, lack d reactivity. stabiUty, and 
low vapor pressure. 

Most of the antimony oxides to water are present to suspended soUds. The major transport 
mode is sorption onto coUoids to assodation with iron, alumtoum. and manganese (USEPA, 
19851). Bioconcentration factors for freshwater flsh and benthic invertebrates are relatively 
low (1-100: USEPA 19851). 

(ii). Arsenic: Arsenic was sdected as an todlcator chemical because the inherent toxidty d 
this compound and its mean soU concentration resulted to a carctoogenlc risk that was 10' 
2. or four orders of magnitude higher than 10-6. The arsenic concentrations to dust on site 
result to a risk that is 10*3, or three orders of magnitude higher than 10-6. The highest 
concentrations of arsenic were found at sample site SS-02. located to the stabilization area 
near the former aisenlc plant (Figure 1). 

Arsenic exists to the environment to various chemiceil states, the prtodpal state of concem 
bdng tri- and pentavalent toorganlc arsenic, methylated organic arsenic, and as arsenic 
hydride. The mato source of naturally-occurring arsenic Is the pentavalent form to the ore. 
arsenopyrite (FeAsS). The various compounds of arsenic are more rdevant for evaluating 
chronic toxlcological effects at the site, stoce the elemental metallic form is reported to be 
less tcodc than arsenic to compounds (USEPA, 1984a). 

Arsenic trioxide (AS2O3). one of the most toxic forms, is a smdter product arlstog from air 
roasting d sulfldic ores. Arsenic trioxide has relatively low water soIubiUty. The compound 
dissolves to addle or aUcaltoe aqueous media. Arsenic trioxide differs from demental 
arsenic to that its vapor pressure is higher. 

Natural processes to the environment favor the formation d pentavalent arsenic from 
trivalent araenic. Pentavalent araenlc (AS2O5) is much more soluble to water than the 
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trivalent state. The stabiUty of these two valency forms is dependent on the medium. 
Oxygenated media and higher pH favor the pentavalent lorm, whUe reducing and/or addle | 
media favor the trivalent form. ) 

Arsenic compounds tend to form to soluble complexes with soils and sediment, to soU. I 
araenlc Is usually bound to clay suifaces. and Its moblUty Is a function of several variables. 
Including soU pH, phosphate levds, and iron and alumtoum content The mobiUty of the > 
pentavalent form is d concem to terms of uptake by plants and migration toto suriace ) 
water and groundwater (USEPA, 1984a). 

to the atmosphere, arsenic adheres to particulate matter, to areas near urban and rural ) 
areas, araenic Is primarily found to the air to the penta- and trivalent form. Only to 
agricultural areas or where blotlc transformation can occur has araenlc been found to the i 
methylated form. ••' 

(Hi). Cadmium: The worat-case dose assodated with cadmium levels at the site Is ten J 
times greater than the AIC for non-carctoogenic effects. Potential carctoogenlc effects are 
also possible via Inhalation. The airborne dust concentration resulted to a borderltoe 10-6, . 
or one-to-a-mUUon, risk on the site. Cadmium concentrations are highest at sample site j 
SS-16, located north d t h e araenlc kitchens. 

The physical/chemical properties and environmental fate and transport characteristics of ' 
cadmium have been summarized by Friberg et aL (1986); and rderences to ATSDR (1987b). 
Cadmium Is a naturally-occurring metalUc element that is associated with zinc and lead j 
ores. With a relatively high molecular weight (112), cadmium has a high boiling potot and ^ 
is commonly found to an oxidized state of +2. The solublUty of cadmium varies from 
compound to compound. Cadmium sulflde and oxide are edmost Insoluble where many of 1 
the toorganlc compounds are quite soluble to water, e.g., cadmium acetate, chloride, and 
sulfate. I 

to the atmosphere, the combustion of coal and petroleum products ideases cadmium that 
is absorbed to smaU partides (one to two ug/m3) to the atmosphere. The particulate 
matter is transported and can be transfeired through the atmosphere to the various 
environmental compartments via wet or diy depodtion. 

Cadmium is present to soU as free cadmium compounds or to solution to pore water to 
soUs. It may also be held to soU mtoerals or organic constituents by cation exchange. The | 
aerobic nature of topsoU tends to reduce the levels of cadmium held as the tosduble | 
sulfide. High soU addity favora rdease of Ctfi* and its uptake by plants. 
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Cadmium is rdatlvely mobUe to the aqueous environment, to natural watera, cadmium 
may exist as the hydrolated (Cd2+ H2O); as metal-organic complexes with CO32-, OH-, Cl' 
or SO42-; or as metal-toorganlc complexes with humlc adds. Cadmium is usuaUy found to 
bottom sediments and suspended particles. 

to groundwater, cadmium concentrations are usually low due to sorption by mtoeral matter 
I and clay, btoding by humlc substances, precipitation from solution as cadmium sulflde or 

as calcium carbonate to high alkalinity conditions. 

I 

'. (iv). Cliromium: Chromium was flagged as an todlcator chemical because its 
concentration to dust results to a 5x10*5 carctoogenlc risk, assumtog 100% of the 

I chromium is hexavalent. By the soU togestlon route, chromium was not sdected as an 
' indicator chemical because its associated dose was below the EPA criterion for chronic oral 

totake. Chromium concentrations were elevated to scattered locations of the arsenic plant 
i 

I area, the reftoeiy areas, and the cooling pond (Parametrix et aL, 1989). 

I Native chromium is found only to the ore of chromite (FeCr204). a common constituent of 
ultra basic rocks and serpenttoes. Chromium is an Insoluble metal with a high melting 
potot There are two primaiy valendes of chromium. '*'3 and +6, the latter betog of greatest 

( toxicological concern. 

Hexavalent chromium occura rarely to nature because it is readily reduced to the presence 
of oxidizable organic matter; however, to water hexavalent chromium is found as chromate 
and dichromate and is stable due to the low concentrations of reducing agents (ATSDR. 
1987d. 

Chromium Is generally found to the atmosphere to the trivalent state, though to chromate 
manufacturing areas chromium is also found to the hexavalent form. Chromium is 
removed from the atmosphere primarily by faUout and precipitation, to the atmosphere, 
hexavalent chromium may be reduced to trivalent chromium by vanadium, iron, and 
araenic. 

Stoce there are no known compounds d chromium that can be volatilized from water, the 
only passage likdy to occur toto the atmosphere of chromium is by wtod-blown spray. 
Hexavalent chromium wlU mainly be to the soluble form but wiU eventually be reduced to 
trivalent by organic matter. The bioconcentration factor for hexavalent chromium to fish is 
one. to bottom-feedtog spedes. such as the blue mussd and softsheU ciq"i, the 
bioconcentration factor m:^ range from 86 -192 (ATSDR, 1987c). 
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to soU, chromium is generally found to the trivalent state. It is usually present as Insoluble 
Cr203. Flooding of soils foUowed by anaerobic decomposition of plants may tocrease the 
mobiUty of chromium. The half-Ufe d chromium to soUs may be several yeara (ATSDR. 
1987d. 

(•). Copper The highest concentrations of copper were found to the cooUng pond area and 
Just north of the arsenic plant and boUer buUdtog. The calculated dose of copper at the site 
exceeded the AIC by approximately one order of magnitude. 

Copper commonly occura to nature and was brought to the site £us copper bearing ore. The 
major sources of copper are chalcocite (Cu2S), chalcopyrite (CuFeS), and cuprite (Cu20). 
Copper is found to elemental +0. +1 and +2 valence states. Most of the +1 valence states 
are not stable. espedaUy to the presence of water and air. and tend to change to the stable 
+2 valence state (USEPA 1984d). 

to the atmosphere, copper Is present as dust and fumes from smdttog and sted todustries. 
as weU as from coal-bumtog plants. The primary reaction to the atmosphere is thought to 
be speciation, to which copper is converted to copper oxide (USEPA 1984d). The 
atmospheric half-life of copper is dependent, on particle size and dendty. . 

to water, copper is Ukely to undergo sorption or chemical spedatlon. to poUuted watera. 
copper may form complexes with organic matter and be adsorbed onto clay material, to 
organic rich sediment, copper may be redissolyed and persist to the water column. The 
bioconcentration factor for copper varies from 12 for algae to 30,000 for moUusks (USEPA 
1984d). 

The fate d copper to the soU may be dependent on the pH, moisture content, and organic 
matter content of the solL The mobiUty of copper tocreases as the addity d the soU 
increases (USEPA 1984d). 

(vi). Lead: The mean soU concentrations of lead found on the site todicated lead is a 
chemical of potential concem. The worat-case dose was calculated as 0.18 mg/kg/day and 
is one order d magnitude higher than the acceptable daily totake of 0.001 mg/kg/day. The 
highest concentrations d lead were to the cottreU area and northeast d the araenlc plant 
(Figure 1). 

Lead is ubiquitous to the environment, to part due to its natural occurrence and its use to 
gasoUne, dyes, patots, batteries, and other common products. Both natural and 
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anthropogenic deposits of lead to soUs generaUy occur as salts or sulfates, carbonates, 
sulfides, and phosphates. Nearfy aU forms of lead are rdatlvely insoluble to water, and are 
strongly absorbed or predpitated onto both toorganlc and organic soU materials. Lead is 
mobilized wlthto groundwater environments only to the presence of organic chelatora or 
itoder certato environmental conditions of low pH. Atmospheric lead is typicaUy associated 
with suspended particulates. 

Natural concentrations d lead to the Puget Sound area range from approximately 10 to 60 
ppm (dry wt; Harper-Owes, 1985). Concentrations of lead are considerably greater near 
roadways, and the average levd reported for street dust to residential areas of the Seattle 
region to 1981 was 570+510 ppm (METRO, 1982). SoU lead levels adjacent to reddences . 
may also be elevated (to 1,000 ppm or more) as a result of lead-based patot accumulations 
(USEPA 1986a). 

Blood lead levels of diUdren have been shown to be correlated with environmental lead 
I levds and magnitude of adverae health effects. The EPA has recently changed the 

"maximum sde blood levd" for pediatric exposures from 30 micrograms of lead per dedUter 
I dblood (ug/dl) to 10-15 ug/dl (USEPA 1988b). 
i 

Blood levels of chUdren have been measured for the Tacoma area to conjunction with 
[ investigations of health effects of the smdter. In 1972. blood levels of diUdren from Ruston 
' School near tlie smelter (14.7 ug/dl) were not significantly higher than blood levels of a 

control population of chUdren that were not exposed to smdter emissions (15.8 ug/dl; 
' Glass. 1984). 

(vii). Merciuy: Mercuiy was brought to the Asarco site as HgS (mercuric sulfide), also 
j known as the mtoeral cinnabar. Cinnabar is a relatively rare mtoeral that occura to recent 

volcanic rocks and hot springs, and can be a mtoeral component of copper ore. During the 
' smdttog and refining process, the toorganlc mercuiy to the ore can volatilize, oxidize, or 
I' form complexes with other metals. 

I The highest levels of mercuiy (0.1 to 695 ppm) were detected to surface soU samples to the 
area of the cottrells. araenic plant, and related processing areas (Figure 1). This pattem 
suggests that mercury was trapped to flue dust from the smelter, and was transported from 

I the smelter to the araenic plant where the araenlc to the dust was reclaimed. 

, The forms of mercuiy present at the site have not been identified, toorganlc and possOily 
{ some elemental mercuiy are the more likely forms d mercury at the dte given that the 

source appeara to be mainly flue dust from the smelter. Smaller amounts d otganlc forms 
r 
i 
I 
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d mercuiy are also posdble due to methylatlon by anaerobic bacteria to soU. This process 
is likely to proceed to soils compared to sediments (USEPA. 1984e). ff one assumes that aU 
mercuiy present to site soils is toorganlc mercury, the aUowable dose imder the "worat-
case" assumptions of the todlcator screen is exceeded by a factor of two at present site 
concentrations. Under the unlikely assumption that aU of the mercuiy present to site soils 
Is to the organic form of methyhnercury. the acceptable dose for methylmercury is exceeded 
by an order of magnitude. 

Mercuiy is found to three oxidation states: 0 (metalUc). l* (mercurous) and 2-*- (mercuric) 
mercuiy. Elemental or metalUc mercuiy has a high atomic weight (2(X).6). At room 
temperature. It Is the only metal which exists to a Uquid form and is rather volatUe with a 
vapor pressure of 0.0012 mm Hg (USEPA 1984e). In soUs and to surface watera. mercuiy 
exists to the mercurous and mercuric states as a number of compounds. 

Mercuiy is toterconverted among the dUIerent forms to the environment (Berlto. 1986). 
MetalUc mercuiy can be oxidized to toorganlc divalent mercuiy or methylated to sediments 
(Goyer. 1986). This process usually results by the action of anaerobic bacteria, especially 
to sediments (USEPA 1984g). Methylmercury is readUy taken up and accumulated by 
organisms. In aqueous environments, mercuiy can adsorb onto particulate matter and.be 
transported to the water column. It can also be removed from the water column by 
becomtog tocorporated toto sediments, to soUs. the mobUity and leaching of mercuiy has 
been described as minimal because mercuiy compounds btod strongly to organic matter 
(USEPA 1984 e.g) 

(•iii). Nickel: This metal was conservatively selected as an todlcator chemical because the 
concentrations of nickel to dust both on and off site resulted to 10-8, or one-to-a-milUon 
cancer risk via inhalation. Although this risk is at the screen risk level, the carctoogenlc 
risk d this chemical adds to the overaU site risk. Nickel Is of much greater concem by the 
inhalation route than by the togestlon route d exposure. Nlckd was not sdeded as being 
d potential concem via Ingestion; the worst-case dose resulting from nickel would be an 
order d magnitude less than the AIC. The highest concentrations d nickel to soU were 
found at SS-16, an area between the araenlc kitchens and the storage bins. 

The environmental fate and transport characteristics of nlckd have been summarized by 
Noraeth (1986) and rderences to ATSDR (1987d). Nickel Is a metalUc dement whose 
primary ore is pentlandite. MetalUc nlckd Is Insoluble and has a veiy high melting potot. 
As with most metals, the phydcal characteristics vary from compound to compound. 
Nlckd subsulflde and nlckd oxide have low solublUty. whereas nlckd chloride and nickel 
sulfate are soluble to water and very soluble to alcohol. 
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{ The primaiy source of nickel to the atmosphere is from the pyrolysls of fuel olL to the 
atmosphere, nickel exists primarily as an aerosoL Nickel spedes present to the atmosphere 
indude soU mtoerals. ooddes, and sulfates. The primaiy removal of metal for the 

( atmosphere is by wet and diy deposition. 

The persistence d nlckd to aquatic media ranges from 23,000 yeara to the deep ocean to 
I 19 yeara to near-shore coastal water. The solublUty of nlckd Is dependent on the chemical 

and physical properties of the water, to organo-rich poUuted water, nlckd wiU exist as 
/ toorganlc salts and oi^anic complexes. In anaerobic environments, nickel wlU be found as 
1 nickel sulfide. Nickel is significantly bioaccumulated to some aquatic organisms. Typical 

values are as foUows: freshwater fish, 40; freshwater plants. 100; algae, 2,000-40,000. 

Nlckd ferrite (NiFe204) is the most probable nickel spedes to predpltate to soU. Nickel is 
reasonably mobUe to low pH conditions, but less mobUe to basic mtoeral soUs and soU with 
high organic content. Nickel to dump sites wiU have higher mobiUty to addle rato. 

,' b. Organic Chemicals 

The organic chemicals sdected as todlcator chemicals by the togestlon route todude PCBs 
I and polycycUc aromatic hydrocarbons (PAHs). AU carctoogenlc chemicals that were 
' detected but not sdected resulted to risks that were at least an order of magnitude less 

than 10-6. These chemicals were not found to-have significant non-carctoogenic effects at 
' the levels present at the site, and therdore would have a far less contribution to the overaU 
^ site risk than the other carctoogenlc metals and organic chemicals that were selected. 

Detection limits for organic chemicals that were not detected to any sample were found to 
most cases to be adequately low enough to be protective d pubUc health. Exceptions were 
benddtoe and N-nltrosodimethylamtoe which were not detected to any sample but had 
detection Umits that were not sufficiently low to detenntoe whether they are present at 

( levels of potential concem. These chemicals were not sdected as todlcator chemicals for 
the reasons discussed to the section foUowing the todividual discussions of the todlcator 

j chemicals. 

to addition, dibenzofuran. dibenzothiophene, and m-nitroaniline were deteded to a few 
j samples at the site, but could not be evaluated quantitatively to this report because d a 

lack of physical and toxlcological data on these chemicals. However, sufficient toxicological 
^ infoimation was avaUable for a quaUtative analysis d dibenzofuran and m-nltroanlltoe. 
I (Section IV; Toxidty Assessment). 
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(i). Dibensofuran: Dibenzofuran (mean - 0.54 ppm; upper 95 percentUe of samples s 2.58 
ppm) was detected to 18% of samples, primarily near the araenlc production and copper 
smdttog areas. Some polychlorinated dibenzofurans are known carctoogens (mainly three 
isomera); however, the type detected at the site is reported to be unchlortoated 
dibenzofuran (Lancaster Laboratories, 1988; Parametrix et aL, 1989) with Uttle available 
data on their health effects. The health risks of this chemical are therdore discussed 
quaUtatlvdy to this report. 

Dibenzduran is a white crystalUne soUd which is used to todustry to manufacture 
perfumes and soaps, as heat-transfer medium resins for laminated electrical insulation, 
and as chemical totermedlates for halogenatlon and other reactions (Sax and Lewis. 1987). 
They are also rdeased by combustion of coal tar. rduse, and diesel fud. 

The physical properties d chlorinated dibenzofurans are similar to polychlorinated 
biphenyls (see below) and polychlortoated dlbenzodloxlns. These compounds have low 
solublUtles. low vapor pressure, high boiling potots. strong adsorption to soUs. and high 
bioaccumulation (WDOE. 1985). The solubUlty. bioaccumulation, and chemical toertness 
d these compounds generaUy decreases with decreasing chlortoatlon. Dibenzofuran has 
been shown to be biodegraded readily by adapted microbes to oxygenated screentog tests 
(HSDB. 1988). 

(ii). Dibenzothiophene: This chemical was detected to 12% of samples (mean - 0.41 ppm; 
upper 95 percentUe of samples » 1.60 ppm). It Is localized to a few locations to the site 
stabilization area. This compound is identical to structure to dibenzofuran except that 
dibenzothiophene has a sulfur substituted for the oxygen on the middle five carbon ring. It 
is a colorless crystaUtoe soUd which Is found to coal and shale oils and is used to cosmetics 
and pharmaceuticals, and as a chemical totermedlate (Sax and Lewis, 1987). Little 
quantitative toxicological Infoimation could be found on dibenzothiophene. Because of the 
similarity to structure and compodtion of dibenzothiophene and dibenzofuran, one would 
expect simUarity to physical chemical properties. It is reported to tolUblt photosynthesis of 
algae at high concentrations (Verschueren. 1983). 

01i). HPAHs: The hlgh-molecular-welght PAHs (HPAHs) were sdected as indicator 
chemicals because the total concentration d HPAHs to soU resulted to a carctoogenlc risk 
that was 10*3, or three ordera of magnitude above 10*8, assuming that aU HPAHs were the 
same toxicity as benzo{aIpyrene. which is a very conservative assumption. These 
compounds appear to be localized to certato areas rather than widespread at aU sampltog 
locations. The highest concentrations of HPAH were found at SS-21, about 100 feet south 
d the storage bins to the stabUization area. 
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HPAHs are some of the most chronicaUy toxic components d hydrocarbon mixtures which 
also todude alkanes, alkenes, cycloalkanes, and other aromatic hydrocarbons to varying 
proportions; nitrogen, sulfur, and oxygen-containing compounds are present to much 
smaUer amounts (USEPA 1981b). The chronic toxicity d alkanes, alkenes, and 
cydoaUcanes is generally quite low with a few exceptions (Sandmeyer, 1981a,b: see 
Appendix D). Among the aromatic h3rdrocarbons found to petroleum products, the greatest 
carctoogenlc hazard is associated with benzene and other polycycUc aromatic hydrocarbons 
(PAHs) that are carctoogenlc. The carctoogehic PAHs are mainly the higher molecular 
weight compounds (HPAHs) composed of four or more aromatic rings. 

The HPAHs to the highest concentrations at the sUe, pyrene and fluoranthene, have not 
been found to be carctoogenlc to humans or laboratoiy animals (lARC, 1983). to addition, 
benzolalpyrene represents less than 9% of the total amount of HPAHs. although the total 
amount of HPAHs is evaluated as 100% benzolalpyrene (B{a]P) to foUow conservative EPA 
guldeltoes (USEPA. 19841). This chemical is the most researched PAH and Is considered 
the most carcinogenic. The HPAHs and low-mdecular-weight PAHs (LPAHs) measured at 
the site and their associated evidence for carctoogenicity to animals according to lARC 
(1983) are as foUows: 

HPAHs 
Benzlajanthracene 
Bejizolbjfluoranthene 
Benzolklfluoranthene 
Benzolg.hUlperylene 
Benzolalpyrene 
Chrysene 

Dlbenzo(a,hlanthracene 
Fluoranthene 

todenol 1,2,3-cdlp]rrene 
Pyrene 

Evidence to Animals 

1 
1 
1 
3 
1 
2 

1 
4 

1 
4 

Mean (opm) 
4.44 
4.81 
0.25 
2.04 
3.59 
4.85 
0.52 
8.41 
1.72 

10.96 
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LPAHs 

Anthracene 
2-Methylnaphthalene 
Acenaphthylene 
Fluorene-
Naphthalene 
Methylphenanthrene 
Phenanthrene 
2-ChloronaphthaIene 

Evidence to Animals 

4 
3 
3 
3 
4 
4 
3 
3 

Mean (ppm) 

1.86 
1.08 
0.25 
1.42 
2.06 
0.61 
9.57 
0.20 

where 1 a sufficient evidence of carctoogenicity, 2 = limited evidence of cardnogenldty, 3 = 
evidence inadequate to peimit an evaluation of carctoogenicity, and 4 = no evidence of 
carctoogenldty. 

PAHs are a class of compounds that are foimed during the tocomplete combustion or 
pyrolysls d materials contalntog hydrogen and carbon. They also occur naturaUy to fossU 
fuds. Of this class, B(alP is the most researched species. In the atmosphere. It is beUeved 
that B(a]P exists primarily to the particulate sorbed phase. B(alP has a low water solublUty 
and is a highly UpophiUc (soluble to organic solvents or fats). As a result, these types of 
chemicals would be expected to bioaccumulate to fatty tissues of organisms. The primary 
mechanism for the removal of PAHs to soU is by microbial degradation. The half-life of 
PAHs to soU ranges from less than one day to a few years (USEPA 19841). Because of their 
high soU sorption coefficient smd low water solublUty, these compounds are expected to 
have low mobUlty to soils. Significant leachtog toto groundwater is therdore not expected, 
espedaUy from soils with high organic carbon content (USEPA 19841). 

(iv). m-Nitroaniline: m-NltroaniUne was detected to 5% of the samples with a mean of 1.24 
ppm and an upper 95% level d 1.41 ppm (detection Umit » 1.00 ppm). It was sdected as 
an todlcator chemical for a quaUtative risk evaluation because of the limit quantitative 
dose-response information avaUable on the toxicology of this chemical. 

m-NltroaniUne is a yeUow crystalUne soUd used as a dyestuff totermedlate which forms 
water-soluble salts with mtoeral adds (Merck. 1988). Degradation of m-NitroaniUne by soU 
microbes is reported to require over 64 days (Verschueren, 1983). 
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(v). PCBs: PCBs were also selected as todlcator chemicals because the soU concentration 
resulted to a carctoogenlc risk that was 10*5. PCBs were detected to a few locations with 
the highest levd of PCBs located at SS-33 near the cottreU powerhouse (Figure 1). 

The phydcal properties of PCBs are weU known and have been summarized to several 
reports, todudtog USEPA (1980b) and Sawhney (1986). PCBs are highly stable compounds 
having a low dielectric constant and high heat capadty. These properties make them ideal 
for use to electrical capadtora and trandormera. but also render them highly peraident to 
the environment. PCBs generaUy have low water solublUty and low rates of vaporization, 
although results of mathematical models todicate that Inhalation exposure may be 
significant under certato conditions (USEPA 1986b). 

The environmentd fate and transport of PCBs are largdy determtoed by the veiy low water 
sdubUlty and corresponding high organic solublUty of this chemical class. PCBs btod 
strongly to organic matter to soils, so that leachablUty is toverady rdated to organic and 
day content to soils (USEPA. 1980b). Horizontal leachtog is reported to be minimal, 
particularly to clay soils. Vertical leachtog has been shown to extend less than ntoe inches 
(WDOE. 1985). 

(vi). Non-detected chemicals with high detection limits: Because d the high detection 
limit of benzidine relative to its toxidty (<3.0 ppm). the associated risk was three ordera d 
magnitude greater than 10-8. Benzldtoe has no history of use on the site. Therdore, this 
compound was not selected as an todlcator chemical. 

Benzldtoe is used primarily to the production d azo dyes and polyurethane production. It 
is thought to be commonly distributed to the environment (ORNL. 1978). Benzldtoe is 
thouglit to be volatUe and soluble enough to have a potential for wide dlsperalon. to water, 
it Is primarily a hazard associated with discharges from dye and pigment factories. The 
mato chemlcd reacUon d benzldtoe to air and water is oxidative degradation. 

Although N-nltrosodlmetbylamlne (NDMA) was not detected to any d the soU samples 
taken from the site, the detection limit of this chemical was not low enough to detenntoe 
whether this chemical is present at levels d concern. The mean soU concentration was 
calculated ustog the half of the detection limit. This hypothetical concentration resulted to 
a worat-case risk that was 10-5, one order of magnitude higher than 10-6, which may 
significantly overatate the actual risk of NDMA Therdore, this chemical was also not 
sdected as an todlcator chemical for further evaluation, because d Insufficient evidence of 
its presence at the site and because the carctoogenlc risk of haff the ddectlon limit is 
wlthto the targd risk range recommended by EPA (10-4 to 10-7). 
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Prior to 1976, NDMA was used to the U;S. as an totermedlate to the production of certato 
rocket fuels. It exists as a yeUow, oUy Uquid and has a relative low boUtog potot NDMA Is 
soluble to water, organics. and Upids. The stabiUty of NDMA is dependent on the alkalinity 
of the storage solution^ NDMA to alkaltoe solutions to the dark Is stable at room 
temperatures for more than 14 days, and sllghUy less stable to addle solutions. There are 
Uttle data regarding the environmental fate and transport of NDMA (lARC, 1978). 
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m . EXPOSURE ASSESSMENT 

to this section, each source, pathway, receptor, and route o[ exposure to each todlcator 
chemical is evaluated and compUed to order to assess total human exposure to substances 
of concem. This step identifies populaUons exposed to toxic chemicals, and deteimtoes the 
routes, magnitudes, frequendes and durations of exposure. The foUowtog characteristics 
are evaluated: 

o phydcal and chemical properties 
o environmental fate and transport 
0 characterization ofpopulations at risk 
0 chemical concentrations at exposure potots 

This report foUows recent EPA recommendations by calculating exposure for taigd 
populations under "typical" as weU as "worat-case" (upper bound) conditions. Worst-case 
exposure tocorporates a number d conservative assumptions to determlntog chemical, 
totake rates and characteristics of the receptor population. Worat-case exposure is thusV 
the maximum exposure possible at the site and is likely to overestimate the actual risk^^^ 
significantly. Calculations of typical exposure aUow the resulting risks to be more |^ 
reallstlcaUy evaluated for the dte. '̂ r 

• • ' f i • 

'" -t 
The result of this section is a calculated daUy dose of each todlcator chemical per body f 
weight due to exposure to chemicals to soU. This dose is calculated todependently for each -. 
route of exposure and each population at risk. Figure 2 lUustrates the various pathways 
and routes of exposure to chemicals at the dte. Results are compUed to Section F on 
calculation of the dose. 

A EXPOSURE SCENARIOS 

Three exposure scenarios are conddered. todudtog different land uses of the property and 
offsite exposure. These land uses are considered separately, that is. the site is assumed to 
be developed as a residential community or as an todustrial complex, but not a 
combination d the two. 

1. Onsite Rftsldt^ntlpl 

This scenario assumes that the plant buUdings are tom down and the dte is redevdoped 
toto a residential area but that no soils are removed from the dte. Exposure is evaluated 
for hypothetical residents who spend an entire Ufetlme conttouaUy exposed to the areas of 

27 



ON SITE OFF SITE 
FUGmVEDUST 

INHAUTION 

00 

SOL CONTACT 
AND 

INGESTION 

VEGETABLE 
AND WATER 
CONSUMPTION 

(RESIDENTS) 

4HALAT10N 

SOIL CONTACT 
AND INGESTION* 

HYPOTHETICAL 
WORKERS OR RESDENTS 

TEMPORARY SITE BOUNDARY 
SURFACE WATER 

CUFRENT RESDENTS 

SEDIMENT* 

RGURE 2 : MAIN EXPOSURE PATHWAYS OF CONCERN AND POPULATIONS 
AT RISK FOR CONTAMINANTS IN SOIL 

SEE ALSO THE FOLLOWING FOR 
DISCUSSKEIN OF THESE PATHWAYS: 
• BLACK AND VEATCH (1988) 
• TETRA TECH (1988). 



average to maximum contamtoatlon on the site. Pathways of primaiy concem todude 
ingestion of chemicals to soU or to vegetables grown on site, inhalation of metals to dust, 
and dermal absorption of chemicals to soU. The possibiUty of exposure to surface water is 
also considered. 

2. Onsite Indtistnal 

This scenario assumes that the site is developed for todustrial or commerdal use with 
simUar soU conditions to the ondte residential scenario. Pathwajrs of concem for workera 
under this scenario are the same as for residents except that workera do not grow and 
consume vegetables at the site. Risks are evaluated for a 40-year period of conttouous 
employment at the site, five days a week. 10 houra a day. 

3. Qffsiu Resldemial -

This study supplements the previous evaluation of exposure to offsUe residents (Black and 
Veatch. 1988) by more accurately assesstog exposure under current conditions due to 
inhalation and deposition of metals to fugitive dust. The exposure route d primary concem 
for this scenario Is thus the inhalation of resuspended dust from the site, to addition, 
changes to the risk estimates of Black and Veatch (1988) for soU ingestion exposure due to 
deposition and accumulation of araenlc to soUs are evaluated. 

The mato focus is on residents Uvtog at tlie location of highest offsite impacts from metals 
to fugitive dust. As recommended by USEPA (1988c). it is assumed that exposure 
conditions for this populaUon are equal to current offsite conditions. Because the property 
Is currently fenced, no onsite exposure is considered, ff nearby residents did have access 
to the site, the magnitude of their exposure would be totermedlate between tlie current 
estimated offsite exposure and that experienced by hypothetical residents of the dte. 

B. ROUTES AND PATHWAYS OF EXPOSURE ' 

This section identffies the possible pathways of concern for the various exposure scenarios 
considered. Some pathwa)rs d exposure are excluded by this process because they were 
deteimtoed to be of relatively mtoor health concem to comparison to the other pathways, or 
because they have been evaluated by other reports. Table in-A summarizes the rdevant 
routes of exposure for the todlcator chemicals. 
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TABLE m-A 

ROUTES OF CONCERN FOR INDICATOR CHEMICALS 

CHEMICAL ROUTE OF CONCERN 

Metals 

Antimoi^ 
Arsenic 
Cadmium 
Chromium VI 
Copper 
Lead 
Mercury 
Nlckd 

ord 
ord, inhalation 
oral, inhalation 
inhalation 
oral 
ord, tohalatlon 
ord, inhalation, dermal^ 
inhalation 

Organics 

Dibenzofuran^ 
Dibenzothiophene^ 
HPAHs 
m-Nitroaniltoeb 
PCBs 

ord. dermd 
ord. dermd 
ord. ddmd 
ord, dermal 
oral, dermd 

• Dermd absorption was considered negligible relative to the other pathways of exposure 
(USEPA. 1984g). 

b Available data are insuffident to evduate risks quantltatlvdy 
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1. Ingestion of SoU 

togestlon of soU or dust is a primaiy route of exposure to chemicals to soU. ChUdren are 
more likdy to ingest soU durtog outdoor play and to ingest dust during todoor activities 
than adults because of their more frequent hand-to-mouth behavior. Adults may also 
ingest smaU amounts d soU during gardentog or whUe caring for pets. Construction 
workera who are tovohred to movtog earth are the most likdy group to ingest soU 
occupatlonally. 

The extent d systemic absorption of chemicds should be accounted for to assessing 
exposure by a given route If absorption is likely to be different for the populations at risk 
compared to the populaUon (human or laboratory animals) used to devdop the rdevant 
toxicity criteria. Such differences between populations may result from differences to the 
administered form of the toxicant, or from differences to physiologlcd processes. 
Absorption of dl togested todlcator chemicals was assumed to be 100% except for 
chemicds for which the Uterature dearly todicated otherwise. These exceptions are 
described below. 

For lead, the EPA criterion is based on studies of togesUon of lead to drinktog water 
(USEPA. 1980a). This form of lead is expected to result to higher absorption than would 
result from togestlon of lead to soU. as is assumed to occur at this site. We therdore 
developed an estimate of relative percent absorption from soU vereus water. Gqyer (1986) 
reports that absorption of togested lead is 5 to 15% to adults with a retention of less than 
5% of the absorbed amount, to tofants, 41.5% is absorbed with a net retention of 31.8%. 
People with certato nutritlond ddlciendes. however, can absorb and retato lead to a 
greater extent than normd (Goyer. 1986). We made the conservative assumption that the 
absorption and retention rates for chUdren and adults were equd to the infant absorption 
rated 42%. 

Absorption of ingested arsenic varies greatly with the water solubility d the araenlc 
compound and the physicd form administered (USEPA 1984a). For example, absorption of 
araenic trioxide Is reported to be 30 to 40% for the compound to suspension, but as high as 
95% and greater for the compoimd to solution. The tcoddty criterion is based on the more 
soluble form, pentavdent araenlc, dissolved to drinking water. The types d araenlc 
produced at the site are metaUic arsenic and arsenic trioxide, dthough some d the araenic 
trioodde may have been oxidized to araenic pentoodde. Neverthdess, because Ingested 
araedc to dte soUs is more comparable to araenic to a suspension than to araenic to a 
solution, 40% absorption was assumed to the exposure assessment for ingestion d araenlc 
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to SOIL Absorption d arsenic to home-grown vegetables, however, was assumed to be 100^^^*^ 
because the metd is likdy to be more readUy absorbed to food (Goyer, 1986). 

Absorption by humans of togested PCBs to soU is estimated to be 30% relative to 
absorption of the pure product or of PCBs to a com oU medium administered to laboratoiy 
animds (USEPA 1986b). The absorption of UpopliiUc chemicds (such as PCBs) to the GI 
tract is reduced by the tendency of these compounds to adsorb strongly to organic matter 
tosoU(Hawley. 1985). 

HPAHB are another type of highly UpophiUc compound for which adsorption onto organic 
matter to soU is expected to decrease the avaUabUlly of PAHs to the gastrototesttod (GI) 
tract. The absorpUon of PAHs has been summarized by USEPA (1984b,e). Absorption of 
HPAHs is reported to be decreased by the hydrophlUc nature of the mucous layer Untog the 
GI tract. Approximately 50% of ordly administered B(ajP is reportedly absorbed by rats. In 
mice, however, BlalP is reported to readUy penetrate tlie forestomach epltheUum regardless 
of the type of vehicle used to administer the B(a]P. By contrast to the glandular stomach, 
the absorption of BlalP Is dedslvely affected by the type of solvent vehicle. AbsorpUon is 
tocreased by hydrophlUc solvents relative to UpophiUc solvents. 

Because the stomach of humans is mainly glandular without a developed forestomach. 
adsorption of PAHs onto organic matter to soU Is expected to reduce the avaUablUty of PAHs 
by the oral route. Tlie EPA criterion for evduating PAH toxicity by this route, however. Is 
based on the tocldence of stomach tumora to mice (USEPA 1984f). Therefore, because of 
the differences to the stomachs of humans and mice, we assumed that absorpUon of 
HPAHs would be reduced by 50% to humans rdative to mice. 

Table III-B lists the relative percentage absorption assumed for the todlcator chemicals by 
the ord route of exposure. Nickel and chromium are not induded because these chemicals 
were below worat-case screentog levels for the togestlon route; they were selected based on 
their carctoogenlc effects via inhdatlon. 

2. togesUon of Vegetables Grovm at the Site 

Another posdble source of exposure is togestlon of home-grown vegetables that take up 
chemicals to soU. Although this pathway is not tocluded to the EPA guidelines for a 
baseUne hedth evduatlon (USEPA 1986c). exposure via this pathway was examtoed for 
the todlcator chemicds because some, such as cadmium, are reported to accumulate to 
crops (USEPA. 1981a) and are thus a potentid source d exposure to chemicds to soil 
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TABLE m-B 

PERCENT ABSORPTION ASSUMED BY ROUTE OF EXPOSURE 

CHEMICAL ROUTES OF EXPOSURE 

Ingestion Inhdatlon Dermd 

Metals 

Antlmoi^ 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Mercuiy 
Nlckd 

100. 
100. 
100. 
100. 
100. 
42c 

100. 
100. 

100. 
30.a 

100. 
100. 
100. 
100. 
100. 
100. 

O.b 
O.b 
O.b 
O.b 
O.b 
O.b 

O.d 
O.b 

Organics 

HPAH 
PCB 

50.e 
30.g 

6.f 
l.g 

- Organic chemicals are not evduated by the inhdatlon route (see Section B4.) 
a USEPA (1984a) 
bACGIH(1986) 
c Goyer (1986) 
d Dermal absorption was considered to be negligible relative to other routes d exposure 

(USEPA 1984g) 
d USEPA (1984f) 
e Hdddbeiger and Weiss (1951); Polger and Schlatter (1980) 
f USEPA (1986b) 
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Data on soU and correspondtog vegetable concentrations were readUy available for severd 
d the metals d concem. Tlie uptake of chemicds (espedaUy metds) by plants has been 
studied as a part of research on the environmentd and hedth effects d contamtoants to 
sludge (USEPA 1981a; USEPA 1985a.b,c.d,e) and of products of mining and smelter 
emissions (AUoway and Morgan, 1986; Thornton, 1986). Quantitative data that would 
permit a simUar evduatlon for the organic chemicds d concem were unavaUable, and 
therdore, this pathway could not be assessed for the organic chemicals. 

Ingestion of home-grown livestock is unlikely at this site because d the urban nature of the 
area. As a result, the andysls of exposure via home agriculture was Umited to produce. 

CL Factors Injluendng Uptake of Metals by Plants 

Although the soU concentration has been found to be the major determinant of metd 
uptake by plants, severd other factora dso have an Influence. Plant properties such as 
type of spedes and genetic strato. as weU as the time of the year. aU affect the 
accumulation of metals to plant tissues (USEPA 1981a; USEPA 1985a.b.c.d.e). to 
addition, different parts of plants accumulate metals to different concentrations. Vegetative-
parts (e.g.. stems and leaves) generdly contato higher levels of metals than do grain, fruit, 
ortubera (e.g.. potatoes). Ledy vegetables (espedaUy chard) seem to concentrate metds to 
a greater degree than other crops (SUwra et aL. 1980; USEPA 1981a; USEPA 
1985a.b,c.d.e; Cappon. 1987). 

SoU pH and buffering capacity affect the paitltlontog of metals between the soU solution 
and the soUd phase, thereby influencing metd absorption by plants (USEPA 1981a; 
PetruzzelU et aL, 1987). Lower pH generdly tocreases the soIubUlty and uptake of many 
metals (Sikora et aL, 1980). dthough It also decreases plant growth as weU. The buffering 
capadty or cation exchange capadty of the soU has complex effects on the ionic state of 
metals which affect their solublUty (USEPA 1981a; AUoway and Morgan. 1986). Cation 
exchange capacity is a function of the amount of organic matter, day content, and mtoerals 
to soU as weU as the type of nitrogen, phosphorous, and potassium compounds added as 
fertlUzera. 

The uptake d a given metd by plants may also be Influenced by the types of other metds 
present to the soil (USEPA 1981a). Metals can compete for sorption dtes to the soU. and 
for uptake by plants or translocation wlthto plants. The presence d other metals may also 
cause toxic effects to plants, thereby affecttog growth and accumulation. 
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A major assumption d this report is that the soils and forms d metals at the site are 
similar to those examtoed to research on uptake of metals by plants. We assume that 
metd uptake by plants at the smdter site is simUar to that reported to the Uterature for 
other soUs because d (1) the difficulty of predicting the specific effects d soU propertlespn 
uptake, and (2) the relatively mtoor Importance of soU properties compared to other factora 
such as metd concentration and type d crop. Wherever possOsle we used plant uptake 
data obtatoed from soils affected by Inorganic poUutlon sources such as smdtere rather 
than data from soils treated with sewage sludge containing heavy metals. 

Heavy-metd accumulation to soU and vegetation from smelter emissions from the Tacoma 
Plant was studied to the early 70's bdore the addition of atr poUutlon control .devices 
(USEPA, 1974). Durtog this period, sulfur dioxide production at the plant addlfied 
surrounding soUs. The limited data set for garden vegetables presented by USEPA (1974) 
todicates that uptake of arsenic, cadmlvun, and lead by vegetables was higher than normd 
for vegetables grown near smdtere (Thornton, 1986). A decade later, with air poUutlon 
control devices added to control sulfur dioxide emissions, concentrations d araenic to 
vegetables measured as a part d the 1987 pathways study (Polissar. 1987) were wltliln the 
range reported for uncontaminated vegetables. The data from the 1974 study were Judged 
to be inappropriate for the present assessment of uptake d metals to vegetables because of 
sampltog inadequacies and the difference to soU pH attributable to SO2 emissions. 

b. Determination of Metal Uptake by Crops 

Plant uptake d cadmium from soU is relatively more efficient than uptake d the other 
indicator metals (USEPA 1981a: USEPA 1985a,b,c.d.e; AUoway and Morgan, 1966; 
Thornton. 1986). Common garden crops have also been shown to take up susenic, lead, 
and copper from soU. Data on the uptake d antimony by plzmts were not readily avaUable 
to the Uteratm^. but uptake is expected to be rdatlvely low because d the low sdublUty of 
antimony compounds (USEPA 19851). The other metds of concem at the site, nlckd and 
chromium, were selected as todlcator chemicals based on their inhdatlon hazards but were 
not d concem by the ingestion route. These chemicals are not evduated for the vegetable 
Ingestion pathway. 

The garden vegetables used to this assessment were sdeded on the basis d available data 
and the probabiUty that they would be grown to gardens to the Ruston area. The cat^ories 
sdeded were leafy vegetables and root vegetables, which have been slow to concentrate 
metals to a greater degree than grato fruit or tubera (USEPA 1981a. USEPA 
1985a.b.c.d.e). 
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To cdculate accumulation by vegetables for each metd. a root uptake fador fi?om soU was 
determtoed for representative vegetables. This factor is the slope of a Itoear regression of 
the concentration of a metd to vegetables on tlie corresponding concentration of the metd 
to soU. This factor was multiplied by the concentration of a metd to the soU at the site to 
estimate the amount avaUable to home-grown produce (see Section Ul. D.. E^osure 
Concentrations, below). 

The accumulation of metals by home-grown vegetables is ultimately limited by the 
threshold concentration of metd phytotoxiclty. In other words, at some concentration of 
metals to soils, conditions become toxic enough to inhibit plant growth or survlvd. At this 
potot. the vegetable ingestion pathway is no longer of concem. Exposure to metds via the 
home-grown produce pathways was thus considered unlikely above the upper limit for soU 
concentrations of each todlcator metd for a given crop yield. We assumed the relevant soU 
concentration for possible exposure to home-grown produce to be the soU concentration 
that would decrease crop yield and growth by 90 to 100% to most plants, and by no less 
than 50% to a few plants. SoU concentrations above this level would greatly reduce home­
grown vegetable consumption and hence the likeUhood of exposure to metals by this 
pathway. Table UI-C presents the uptake factora used for leafy and root vegetables and the 
threshold levels for phytotoxldty. 

(i). Arsenic: Plant uptake of araenic from soUs with devated concentrations due to mining 
or smelttog activities has been summarized by Thornton (1986). The ratios of plant 
concentration to soU concentraUon are approximately 0.01 and 0.001 for ledy and root 
vegetables, respectively (Le., plant concentration » soU concentration X 0.01 or 0.001). 

SoU arsenic concentrations of 40 to 100 ppm have been reported to cause a 50% or greater 
reduction to plant growth and yield. (USEPA 1985a). Consequently, we assumed 
conservatlvefy a threshold soU concentration d 100 mg/kg as the upper Umit for exposure 
via home-grown vegetable yield to site soUs, because plants could not be grown where soU 
concentrations exceed 100 ppm arsenic. 

(ii). Cadmium: Cadmium accumulation has been studied extensively to research on the 
uptake d metds to crops from sewage sludge appUed to soils (USEPA 1985b). Plant 
uptake factora were averaged for leafy vegetables (lettuce, Swiss chard, tumip greens) and 
for root vegetables (carrots and radishes). Based on data presented by USEPA (1985b), the 
phytotoxictty threshold soU concentration assumed for cadmium is 200 mg/kg. 

(Hi). CoppeR The limited data available on uptake of copper by plants have been 
summarized by USEPA (1985c) for plants grown ta soU treated with dudge. The uptake 
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TABLE m-C 

PLANT UPTAKE RATES AND PHYTOTOXICnY LEVELS 
IN SOIL FOR METALS OF CONCERN 

METALS 

Araenlc 

Cadmium 

Copper 

Lead 

Mercuiy 

UPTAKE RATES 
(g soU/g plant) 

Leafy Root 

0.0026a 

1.04C 

0.l2t3 

0.0052a 

0.178e 

aThorton(1986) 
b USEPA (1985a) 
c USEPA (1985b) 
d USEPA (1985c) 
e USEPA (1985e): Cappon (1987) 

0.0006a 

1.18c 

O.Old 

0.0052a 

0,0763c 

PHVixxroxicnY 
(mg/kg) 

100b 

200c 

l,000d 

none assumed 

lOe 

-

- • • -
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rate for ledy vegetables was averaged from data on cabbage, lettuce, and tumip greens. 
JVe used potato uptake rates to approximate copper uptake to root vegetables. The highest 
tolerated soU concentration of copper reported to phytotoxiclty tests Is 492 ppm. At this 
concentration, a 50% yield reducUon occurred to most crops, dthough to one case a 5% 
yield reduction was reported, to this assessment the threshold for phytotoxldty was 
assumed to be approximatety twice the 50% reduction level. or 1.000 ppm. 

(iv). Lead: Data presented by Thornton (1986) from virban gardens was used to derive an 
uptake factor for ledy and root vegetables by cdculattog the slope of a Unear regression of 
the concentration of lead to vegetables on the concentration of lead to soU. This slope was 
SimUar for both lettuce and radishes (slope = 0.005 g soU/g vegetable, r > 95.0). Lead levels 
that are high enough to prohibit vegetable grow to soU are to the range of 1.000 ppm or 
greater (USEPA 1985d). Therdore, given that lead levels at the site are generaUy on the 
order of 1,000 ppm, we assumed no upper limit for home-grown vegetable production. This 
is a conservative assumption because vegetable growth may be fiulher Umited by 
concomitant levels of more phj^otoxic metds such as araenic. 

(iv). Mercury: Mercuty uptake by plants Is affected by the chemlcd form of mercuty and by 
such soU characteristics as organic matter content and pH. Methylmercuty Is reported to 
be taken up more readUy than toorganlc mercury. Because of the posslbUlty that 
methylmercury may be present at the site as a result of action by soU bacteria, plant 
uptake rates for Inorganic and methylmercury were averaged to estimaUng uptake ratios for 
ledy and root vegetables fTableUI-C; USEPA. 1985e; Cappon. 1987). 

"The-available data suggest that mercury is more toxic to plants than are the other metals of 
concern. Concentrations of 0.03 to 1.00 mg/kg caused reductions to growth of 56.6% to 
79.4% to com. beans, and tomato seedUngs growing to nutrient soluUons (USEPA 1985e). 
By comparison, concentrations of 8 mg/kg limited growth and 50 mg/kg was toxic to 
bermuda grass (USEPA 1985e). Because the toxic effects of merciuy concentrations to 
solutions are not thought to be equtvdent to the effects from mercuiy concentrations to soU 
(USEPA 19856), 50 mg/kg was selected as the phytoxldty level for the site. 

3. Exposure to Water 

The groundwater of the sUe is evduated to Volume 1 of the Remedid Investigation report 
Chemicals to groundwater are presentiy not considered a pathway d exposure for risk 
characterization stoce groundwater on the property is not a source of drinking water. Site 
proximity to Commencement Bay may also Umit the use of this water. Environmentd 
threats to aquatic organisms and exposure to chemicals from the site to the adjacent bay 
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via ingestion of flsh are betog evduated todependently by the Commencement Bay report 
(Tetra Tech, 1988) and by aquaUc toxicity tests reported to Volume 1 of the RI report 
These efforts wUl not be dupUcated here. 

The other source d surface water currently at the dte is the cooling pond (Figure 1). 
Standing water can accumulate to this depression durtog wtoter months. When viewed to 
summer. Uttle water was present and vegetation grew to the center. This area is currently 
surrounded by a cydone fence. Hypothetlcd onsite residents could have access to the 
pond, assuming that the fence were removed and the depression were not flUed to. The 
water would be present to the cooler months when chUdren are less likely to play to water. 

Water quaUty samples were not available from this pond. Tlie avaUable soU sample data 
todude ten samples from around the edges of this pond and Ave samples from sediments in 
the pond. Levels of the chemicds of concem to this area were generaUy lower than average 
for the property. Levels of araenic to sediments (1.468. ppm). for example, were 
approximately an order of magnitude less than the average araenlc concentration on the 
site. An exception is copper for which the average concentration near the pond (48.714 
ppm) and ta sediments (16,213 ppm) exceeded the average on the property (11,457 ppm). 
Dependtag on the solublUty of the form of copper present, additiond exposure to copper 
during recreation at the cooltog pond may be posdble. dthough exposure to this wateF" 
would be relatively infrequent durtog cooler months of the year and impossible during 
warmer seasons when the pond is diy. 

Other possible surface water exposure may occur shortly after heavy ratofaU when puddles 
of water may form on the site. The most likely exposure would be acute exposure to young 
chUdren playtog to this water. Therefore, hedth effects via such exposure were screened by 
evduating the potentid effects of togestlon of 100 ml of suiface water runoff by young 
chUdren (10 kg body weight). Because chUdren playtog to puddles would most likefy be 
exposed to turbid water, data for total metds were used rather than dlssohred metals. 
Average and upper 95% concentrations d metals were cdculated from Round 2 data on 
surface water runoff on dte during three storm events (Volume 1, RI report). These 
concentrations and the estimated typicd and worat-case doses to chUdren (see Table m-D) 
were compared with various hedth criteria as outltoed below. 

Of the dght metals d concem, nickel and cadmium are the only two that have established 
EPA Hedth Advisories (HA) for water. Both the average and upper 95% dte concentrations 
d nlckd are an order of magnitude less than the short-term HAs (USEPA 1987d. Though 
the average concentration d cadmium is less than the short-term HAs. the upper 95% 
concentration for cadmium is approximatefy four times the One- and Ten-Day HAs (USEPA 
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TABLE m-D 

CONCENTRATION OF METALS IN SURFACE WATER RUNOFF 
AND ACUTE EXPOSURE ESTIMATES FOR CHILDREN 

METAL 

AnUmoi^ 

Araenic 

Cadmium 

Copper 

Lead 

Mercury 

Nickel 

Ztoc 

ESTUVIATED 
CONC. IN SURFACE 

WATER RUNOFF (ppm) 
Mean Uooer 95% 

0.09 

1.03 

0.03b 

2.6 

0.27 

1.2e 

0.04b 

1.54 

0.33 

4.12 

0.18 

12.09 

0.95 

4.5e 

0.12b 

9.73 

ESTIMATED 
ACUTTi DOSE 

(ug/kg/day) 
Tvplcd Woret-Case 

0.9 

10.3a 

0.3 

26.0C 

2.7d 

0.01 

0.4 

15.4c 

3.3 

41.2 

1.8 

120.9 

9.5d 

0.05 

1.2 

97.3c 

NOTE: Typicd Dose * (average water concentration * 0.1 Utere/day)/10 kg 
Worat-Case Dose = (upper 95% concentration * 0.1 Utere/day)/10 kg 

a Equd to No Observed Adverae Effect Level for humans (ATSDR. 1987a) 
b Bdow One- and Ten-Day Hedth Advisories for chUdren (USEPA. 1987a) 
c Bdow Acceptable totake for Chronic Exposures (AIC) (USEPA 1986c) 
d Bdow Lowest Observed Adverse Effert Levd for humans (ATSDR, 1988) 
e Below Minimum Risk Level for Short-Term Exposure (ATSDR. 1989). Measurements to 

ppb. 
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1987a). This difference should not be of toxlcologlcd significance, however, as the HAs 
were developed ustog chronic drinking water totake rates which are higher and assumed to 
occur over a longer period than for the acute exposure evduated for chUdren playing to 
temporary puddles on dte. 

The estimated worat-case dose d lead is approxlmatdy one-half the Lowest Observed 
Adverse Effect Level (LOAEL) for humans based on studies of acute exposure (ATSDR 
1988). For mercuty. the concentration to surface water runoff was more than two ordera of 
magdtude below the Minlmd Risk Level for Short-Term Exposure reported by the Agency 
for Toxic Substances and Disease Registry (1989). 

Acute exposure criteria relevant to water ingestion were not avaUable for the other metals, 
so criteria based on chronic exposure were used for comparison, dthough chronic exposure ~ 
Is unlikely to occur. This is a conservative assumption which wiU slgniflcantly over-state 
risks. The estimated typicd dose d araenlc was found to equd the No Observed Adverae 
Effect Level for chronic human exposure (ATSDR. 1987a). Although gastrototesttod 
distress, neuritis, and/or skto lesions have been reported to humans exposed for a long 
period of time to araenlc at doses equd to the worat-case dose estimated for this site; these 
symptoms are not Ukely to develop dter a one-time exposure to araenlc as at this sUe. 

The doses of antimony, copper and ztoc were compared with the EPA's vdues for 
Acceptable Intake for Chronic Exposures (AIC) (USEPA 1986c). Both the average and 
upper 95% concentrations of ztoc are below the AIC established for this metd. The 
average concentraUon d copper is below the AIC (0.037 mg/kg/day). though the upper 
95% concentration on site exceeds this vdue by about three-fold. The upper 95% 
concentration of antimony dso exceeds the AIC for this metd by nearfy two-fold, but it Is 
an order of magnitude below the Lowest Observed Adverse Effect Level for animals based on 
a chronic feeding study to rats (USEPA 1988a). 

to simimaty. the concentrations d the metals deterted to the surface water runoff are not 
beUeved to pose a slgnlflcant acute hazard based on comparisons to acute and chronic 
exposure criteria. Chronic exposure is not posdble due to the lack d permanent suilace 
water sources on site (exdudlng Commencement Bay). The surface water pathway was 
thus generaUy considered to be a less dgiUflcant route d exposure than the other pathways 
examined. 

4. tohalatlon 

Exposure to chemicals to soU may result from Inhalation d dust or from inhalation of 
volatUe chemicals emitted from soU. The latter pathway was not quantUkd to this 
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assessment because dte-speciflc emission rates are unavaUable and therdore no 
meaningful risk estimates could be derived. However, this is not considered to be a major 
limitation, because volatilization is not expected to contribute significantly to overaU site 
risk, based on the low vapor pressures of the organic todlcator chemicals (PCBs and PAHs: 
Table II-B) and emplricd ftadtags at simUar sites (ETI. 1988). Of the two organic tadicator 
chemicds, PCBs have the higher vapor pressure and have been shown by theoreticd 
models to possibly be a slgnlflcant source of exposure via volatilization (USEPA 1986b). 
Nevertheless, PCBs are localized to a few samples on the property, and thus would not be 
expected to result ta ambient concentrations to air at levels d concern. 

A wedth of occupationd Uterature has documented that volatilization is a slgnlflcant 
exposure pathway for demental mercury (USEPA 19841). However, this pathway Is not 
Ukely to be significant at the site because (1) mercuty concentrations at the site are low 
relative to concentrations to occupational studies: (2) other forms of mercuty are likely to 
be present, such as toorganlc mercuty, which has low vapor pressure; and (3) merciuy has 
low mobUlty to soU because of adsorption to organic matter and particulates (USEPA, 
1984f; Goyer. 1986). to addition, totd mercuty was measured to surface dust samples 
taken at the site. Consequently, exposure to mercury via airborne dust Is evduated to the 
risk assessment as the prlmaty means of exposure via Inhalation. 

Estimates d ambient air concentrations and deposition rates of metals were generated 
ustog mathemaUcd models ustog on-site surface dust analyses peiformed by NEA Inc. 
(Parametrix et aL, 1989). The NEA andysls of 22 suiface samples provided information on 
the relative concentrations of metals and on the particle size distribution to dust. For the 
limited data avaUable. monltortog data were compared to modeUng estimates to gato an 
indication of model peifoimance (Parametrix et aL, 1989). 

Inhdatlon of organic chemicds adsorbed to dust partides was not quantlfled ta this 
assessment because of the lack d dte data on ambient levels d organics and the lesser 
significance of this route for these chemicds compared to the ingestion route. For example, 
inhalation risks for the organic chemicals of concern would be one to two ordera of 
magnitude less than the oral risks even ff one assumes the maximum federd aUowable 
levd d dust to air. 50 ug/m3 (PMio: CFR40 Part 50), and that concentrations ta dust are 
equlvdent to those to soU. 

As discussed previously for ingestion, estimations of exposure via inhalation should be 
sendtlve to the percentage of absorption tf absorption is Ukely to dUFer for the population at 
risk from the population used to develop the toxidty criterion for a given chemlcd. Except 
for arsenic, absorption d metals by inhdatlon of fugitive dud was assumed to be 100%, or 
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identicd to the percentage absorption assumed to the devdopment d the tcoddty criteria. • ' ^ ^ 
For araenlc, the EPA Carctoogenlc Assessment Group (CAG) corrected the potency slope to 
100% absorption by assumtog that araenlc absorption was 30% to the human population 
studied, as supported by the sclentlflc Uterature (USEPA 1984a). Consequently, to using 
the EPA araenlc criterion to assess risks for the populations at the site, a 30% absorption of 
inhded araenlc was used to coirect the potency slope back to the more accurate absorption 
rate to humans. 

5. Dermd Absorption 

This route of exposure Is not tocluded to the 1986 guldeltoes for conducting a baseltoe risk 
assessment (USEPA 1986c). Nevertheless, deimd absorption can be a dgnlflcant route d 
exposure for many organic chemicds and can contribute to systemic levels of these 
chemicds (USEPA 1986b; Hawley. 1985). We have toduded this route where Justified, 
ustog conservative assumptions to account for the Inherent dilBculty to determlntog the 
relationship between dermal exposure and actud dose received and to extrapolating from 
ingestion or Inhdatlon data to the percutaneous route. Whether the systemic effects of 
dermd absorption can be estimated by criteria derived for other routes depends on the 
sdentlflc basis for the ord or Inhalation criteria (see Toxidty Assessment. Section IV). Ord 
or inhdatlon criteria based on systemic effects are more appUcable to the evduatlon of a 
systemic dose via dermd absorption than criteria based on adverae effects at the site of 
entty (l.e.. GI tract or lungs). Currently. EPA toxidty criteria are derived for only the ord 
and Inhdatlon routes, so it is not possible to make a quanUtatlve assessment d adverse 
effects on the skin as a target organ. Thus, the systemic effects of dermd absorption are 
the only sdentificaUy Justiflable evduations of dermd exposiur ustog current federd 
guldeltoes. 

a. Inorganic Chemicals 

Dermd absorption has been shown to be negUglble for the metals d concem. with the 
posdble exception of mercuty (USEPA 1984a; USEPA 1986a; ACGIH. 1986). Some forms 
d mercuty, particularly to pharmaceuticd ototments, have been show to be absorbed to a 
limited extent through the skto; however, the avaUable data are tosuffldent to quantify the 
amount that would be absorbed from solL Moreover, there is a generd agreement to the 
Uterature that this route of exposure is of much less slgniflcance than ingestion or 
tahalaUon (USEPA 1984g: Coyer. 1986; BerUn. 1986; ATSDR. 1989). Dermd absorption d 
mercuty from soU is also Ukdy to be less than for direct appUcation d mercuiy to skin, 
because mercuty complexes and strongly btods to soU particulates, thereby greatfy 
reducing its mobUlty (USEPA 1984e). Therdore. due to the uncertatoty to estimating 
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absorption for this route and the lesser significance of this route, dermd absorption of " ^ 
mercuiy was not assessed quantitatlvefy. The uncertatoty totroduced by not quantifying 
dermal absorption of mercuty is discussed to Appendix E. I 

At high concentrations, severd metals dso have the potentid to cause dermd irritation. ^ 
These effects are described quaUtatlvdy to Section IV. Toxicity Assessment and to Appendix j 
D. 

\ 
b. Organic Chemicals - j 

Relatively few studies have measured dermd absorption to humans. Most d the data on j 
humans are from occupationd exposures frequently tovolvtog acute or subchronic effects ' 
such as corroslveness or dermd Irritation (ACGIH. 1986). Because guldeltoes are currently 
lacking to assess these effects quantitatlvefy. these effects are described quaUtatlvdy to | 
Section rv. Toxicity Assessment and to Appendix D. 

i 

Most quanUtatlve dermd absorpUon studies have been peiformed on laboratoty animals | 
such as rabbits, rats. mice, and occasionaUy pigs and dogs, to one d t h e few studies ustog 
human subjects, a variety of organic compounds appUed to the skto for one day resulted to ] 
50% or less systemic absorpUon as measiu-ed by appearance to the urine (Feldmann and ] 
Malbach, 1970). Bartek et aL (1972) reported that human skto is 10 times less permeable 
to organic chemicals than rabbit skto and three to 10 times less permeable than rat skto. | 
AbsorpUon by chUdren, on the other hand, may be twice that of adults (Hawley, 1985). ' 

Dennd absorption of organic chemicals from soU depends on the chemlcd's molecular ) 
weight and Koc (wlilch is tadicatlve of the UpophUlc nature of a compound and Its 
propensity to adsorb to organic matter ta soU). GeneraUy, smaUer molecules are able to > 
penetrate the skto more readUy than larger molecules (Fddmann and Mdbach, 1970). The { 
'soU matrix effect" is reported to decrease absorpUon of organic chemicals to two ways: (1) 
by decreastog the amount of dirert contact between the compound and skto. and (2) by 
phydco-chemlcd bondtag to soU partides (Hawley. 1985; Abdel-Rahman and TurkaU, ! 
1989). Bonding to soU parUdes is directfy related to the organic content d the soU and the 
UpophiUc nature of the chemicaL For example, dermd absorption d dioxln. a highly 
UpophiUc compound, was almost completefy prevented when it was appUed to the skta of 
rats to combinaUon with activated carbon. Dermd absorpUon of dioxto to soU by rats was 
reduced 85% compared to the absorpUon of a dloxto-methanol soluUcn appUed directfy to j 
skto (Poiger and Schlatter, 1980). 
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By comparison, the absorpUon rate of benzene, an organic solvent with a lower molecular 
weight is reported to be reduced 30% when appUed to the skto of mice to combinaUon with 
soU vereus as pure benzene (Abdel-Rahman and TurkaU. 1989). These authora also report 
that pure benzene is poorfy absoihed through the skto relaUve to ord administraUon. 

Dermd absorpUon of benzolalpyrene is reported to be 40% to 24 houra when appUed to 
mouse skta (Heldelberger and Weiss. 1951). Nevertheless, because HPAHs. like dioxta. are 
highly UpophiUc compounds, the soU matrix effect (discussed above for diaxln) should 
reduce dermd absorpUon of HPAHs by approximatefy 85% (Hawley. 1985). Due to the. 
uncertataUes ta this estimate of the soU matrix effect, we assumed conservaUvefy that the" 
rate of absorpUon of pure benzolalpyrene would be Uie same to mice as to humans.^ 
dthough experimental data todicate that human skto is a more effective barrier against. 
dermd penetraUon by organic chemicals than the skto of maity laboratoty animds (Bartek. 
c td . 1972). 

If the assumed 40% dermal absorpUon rate is reduced by an estimated 85% due to the soU 
matrix effect, then the resulting dermal absorpUon rate is 15% of 40%. or 6%. A 6% 
absorpUon rate of benzolalpyrene assumed here is similar to the reported human dermd 
absorpUon rate of another highfy UpophiUc aromaUc class of chemicals. PCBs (1%: USEPA 
1986b). 

Unfortunately, dermd absorption of benzolalpyrene cannot be evaluated by the EPA toxidty 
criteria developed for other routes, because the togesUon and tohdaUon criteria are not 
based on systemic effects. Tlius. hedth risk assodated with the systemic dose by the 
dermd route of exposure cannot be cdculated with the present guldeltoes. to addiUon. 
carctoogenlc effects on skto as a target organ cannot be addressed because of the lack of an 
EPA criterion for assesstog skto cancer risks. Tlie effects of these data gaps on the results 
are discussed to the uncertatoty sertion of this report (SecUon VI.) 

Table UI-B summarizes the percentage d absorpUon for the various routes of exposure. 

6. ETOPSUTC to Slag 

The fused dross separated from copper ore dtirlng the smelting process is a glasslfled 
compound caUed "slag", which is rich to aU of the dements found to the ore. Slag contains 
high levels of arsenic, copper, zinc, and lead, and lower levels of nickel, cadmlvun, and 
sUver (BatteUe Padfk: Northwest Laboratories. 1986). Based on the average levels of metals 
to three surface slag samples at the Asarco dte (Volume 2, RI report), araenlc (8,617 ppm), 
copper (7,950 ppm), lead (4,283 ppm), nickel (769 ppm). ztoc (14,917 ppm) would be the 
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prtodpd chemicds of concem at the site. These suiface samples may dso be 
contamtoated by metals to fugiUve dust. 

Nevertheless, the assumpUon that the melds are 100% bioavaUable from ingested slag is 
highly unlikefy. The bloavaUabUlty of metals to slag Is low because they are tocorporated to 
an insoluble, vitreous iron and alumtoum siUcate matrix. Limited exposing to the metals Is 
posdble to two ways: 1) ingesUon or tohdaUon of weathered slag particulates, followed by 
biodiemlcd solubiUzaUon to the body: 2) leachtog of the metals from the slag tn sUu, 
trander toto soU, togesUon and tohdaUon of soU. 

Two recent studies of the bloavaUabUlty of araenlc to Tacoma smelter slag have been 
conducted. The flrst was a study of the pulmonary and gastrotatesttad absorpUon of 
araedc from parUcles of the slag ta mice (Boyajlan, 1987). This study deteimtaed that the 
araenic ta Tacoma Smelter slag (araenlc content: 3.000 ppm) Is much less bloavaUable than 
the arsenic to soU from Ruston. Washtogton. Uiat contatoed 2,000 ppm araenlc. This 
study, however, was unable to measure quanUtatively the relative decrease to 
bloavaUabUlty d araenlc to slag. 

ta a limited epidemlologlcd study conducted by the Tacoma-Pierce County Hedth 
department, the arsenic body burden of smaU chUdren exposed to pulverized slag for longer 
than six months was measured (AUen et oL. 1988/. The pulverized slag had been sold to 
local residents for use to landscaping. The arsenic body burden of dUldren aged 2-7 yeara 
who were exposed to the slag at their homes was estimated by measuring urinaty araenlc 
concentraUons. The study was designed to test the hypothesis that chUdren exposed to the 
slag via dfrert contact, inhdatlon. or togesUon had a higher body burden of araenlc than 
chUdren not exposed to the slag. A comparison of the urtoaty araenlc concentraUons 
reveded that there was no dgnlflcant difference between the cohort and unexposed 
chUdren. 

Leachtog d metds from the slag to seawater and freshwater has been studied by CreceUus 
(BatteUe Padflc Northwest Laboratories. 1986). The results d the study todicate that 
copper is leachtog at the highed rate, foUowed by arsenic, lead, and silver. The tn situ 
leaching behavior d the slag was also studied as part of the Remedid tovestlgaUon at the 
dte (Parametrix et aL, 1989). Leaching of these metals drops off rapidly after the dag is 
InitiaUy exposed to the environment. After three to four months to flowing seawater, the 
leachtog rate of metals to slag and the associated toxicity decrease markedfy. As a result. It 
was conduded that the Tacoma smdter slag is an toslgniflcant source d m«'t?i!? to Puget 
Sound (BatteUe Padflc Northwest Laboratories, 1986). These results suggest that metals to 
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weathered dag at the Asarco site is far less bioavailable foUowtog IngesUon than the metals 
present ta soU. 

to summaty, the avaUable studies on the smelter slag todicate that exposure to metds to 
the dag at the Aseuco site is likdy to be minimal compared to the metds deposited to soU 
by stack and fuglUve emlsdpns. Araenic Is the metd present to highest concentration 
relaUve to its toxicity. Studies of slag from this site have shown that arsenic to the slag is 
less bloavaUable than arsenic to lower concentraUons to soU, and that chUdren exposed to 
the dag do not appear to accumulate araenlc. Because exposure to araenic to slag is not~ 
expected to be of potentid hedth concem, exposure to other metals to the slag is assumed 
to be unlikely as weU. 

1 
< C. INTAKE RATES 

1. SoU Ingestion 

The rate d soU togesUon is based on the amount of soU and dust a chUd eats to a given 
day. Severd different rates of togesUon have been published to the sdentlflc Uterature; 
RecenUy. soU togesUon rates have been determtoed by empUlcd data which can be used to 
derive more reallsUc soU togesUon rates for the purpose of risk assessment than previous 
guldeltoes that aue based on mouthUig behavior and amounts of soU on hands of chUdreh 
(La Goy. 1987). Typical estimates d soU and dust ingestion rates of chUdren range from 
0.05 to 0.1 grams per day (g/d) depending on age. Maximum or worat-case rates that are 
likely to overestimate actud exposure are 0.25 to 0.5 g/d. In addUlon, soU ingesUon rates 
have also been estimated for adults who may ingest soU during gardening or caring for pets 
(0.025 g/d, typicd; 0.1 g/d, worat-case). 

E^osure to reddents was thus cdculated for a range of soU ingesUon rates from typicd to 
worat-case ustog rates reported by La Goy (1987). The breakdown of typicd and word-case 
IngesUon rates for different age groups are displayed to Table m-E. These rates are 
comparable to ranges recommended by EPA guidance documents (USEPA 1986c) and by 
the Endangerment Assessment (Black and Veatch, 1988). 

Workera exposed to worat-case condiUons are assumed to ingest more soU to the courae d 
their day than the typicd adult resident We therdore used the IngesUon rate of the six to 
11- year-old age group (0.25 g/d) to approximate these woritera (La Goy. 1987). 
Commercld todustty workera to the "typicd" todustrid exposure scenario are unUkefy to 
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TABLE m-E 

INTAKE RATES FOR DIFFERENT AGE GROUPS 

ACE 

(jreara) 

BODY 

WEIGHT 

(k«) 

SOIL 

INGESmON 

(g/dayj 

typical Worst-case 

VEGETABLE 

INGESmONa 

ig/day] 

Leafy Root 

INHALATION 

RATE 

(B3/day) 

DERMAL 

CONTACT 

(g/dair) 

PubUcb 

0-1 

1-6 

6-11 

11-76.2 

Wonccrs^ 

20-60 (UghU 

20-60 (heavy) 

4.9 

I5.S 

33.1 

70.0 

70.0 

70.0 

0.05 0.25 

0.10 0.50 

0.05 0.25 

0.025 0.1 

0.025 

0.50 

0.29 

0.51 

L44 

0.53 

0.44 

0.77 

1.04 

0.25 

5.0 

7.5 

12.0 

20.0 

8.25 

25.75 

0.0 

10.0 

1.0 

0.1 

0.10 

0.65 

a Values a n \vorst-case' (for rural populatlonsl: typical ' Intake Is half of these values (USDA.. 1966: USFDA, 

1981: Pennington. 1983). 

b Assumptions &om La Goy (1987), USEPA (ig86c). Black and Veatch (1988). Body weight Is an average weight 

~ for the age group. 

c Assumptions from Hawley (1985). Hallenbeck and Cunningham (1986). La Goy (1987). USEPA (1986c). 
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come to contact with soil; however, we conservaUvefy assumed that they ingest soU at the 
"typicd" rate of adult residents (0.025 g/d). 

2. Home-Grown Vegetable IngesUon 

togesUon rates of vegetables are U.S. populaUon averages for consumpUon d leafy and root 
vegetables (USFDA 1981; Penntogton. 1983). For each tj'pe d produce, the consumption 
rates were mulUpUed by Uie fracUon of each type of produce that was home-grown to rurd 
areas (USDA 1966). Because these cdculaUons are likefy to overestimate the amount of 
home-grown leafy and root vegetables eaten to non-rurd Ruston, the "typicd" togesUon 
rate of home-grown vegetable consumpUon assumed for this assessment is half of that 
cdculated for rurd areas. Table UI-E displays the resulting home-grown produce totake 
rates (dty weight basis) used to cdculate exposure by this pathway. 

3. Dust tohdaUon 

The InlidaUon rate of adults (ages 11 to 76.2) was assumed to be 20 m3/day as 
[ recommended by USEPA (1986c). USEPA (1986c) also recommends an tohdaUon rate d 5 
' m3/day for chUdren. USEPA's rate was assumed for infants, and InhalaUon rates for 

totermedlate age groups to the assessment were derived by Itoear inteipdaUon between 20 
I and 5 m3/day. 
( 

, tohdaUon rates for "worst-case" and "typicd" todustrid exposure were 25.75 m3/day and 
\ 8.25 m3/day. respecUvely. for a 10-hour work day (HaUenbeck and Cunningham. 1986). 

Heavy todustty workera are assumed to be periormtog more strenuous actlviUes during the 
( courae of the work day. whereas light todustty or olflce workera are more sedentaiy. The 
} InhalaUon rate of the latter workera was cdculated by assumtog that these workera engage 

to "light acUvity' for haff the work day and are at rest for half the work day (HaUenbeck and 
I Cunningham. 1986). 

4..Q£IQgL£snteSl 
( • 

i • 

' Dermd contact rates for residents have been defined by the Centera for Disease Contrd for 
I various age groups CTable ni-E; Kimbrough et aL, 1984). For worat-case todustrid 

exposure which is Ukefy to result to a higher dermd contact rate, we used the dermd 
contact rate measured for workera to a fertilizer mixing plant (0.65 g/day over a 10-hour 

I work day; Hawley, 1985). The "typicd" dermal contact rate assumed for commercld 
I workera was the contact rate given for adult residents (Kimbrough et aL, 1984). 
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D. EXPOSURE CONCENTRATIONS 

l.SfiU 

a. Degradation of Chemicals 

The organic chemicds of concem have the potentid to break down over time to the soU. ff 
breakdown is slgnlflcant durtog the period of exposure, the effecUve soU concentraUon of a 
chemlcd wiU be less than the toitid concentraUon measured. Some organic chemicals 
break down to sunUght by a process cdled photofysls. This process, however, may be 
restricted to the thto layer of surface soU. Stoce contaminants are present below the thto 
surface layer, it was conservaUvefy assumed that photolysis would not decrease levels of 
exposure at the site. 

A more slgnlflcant mechanism of removd for some organic chemicds to soU Is mlcrobld 
degradaUon. Of the site chemicds. PAHs had the shortest half-Ufe by this mechanism. The 
half-life of PAHs to soils is reported to be one day to a few yeara. whereas to sediments, the 
haff-Ufe is longer, on the order of five to ten yeara (USEPA 19841). PAHs to oUy sludges are 
reported to be more completely degraded to soU (85%) than are totd hydrocarbons (Bossert 
etaL, 1984). Petroleum products which contato HPAHs are also reported to be toxic to soU 
microbes, dthough reducUon to biodegradaUon rate occura at highly concentrated 
petroleum levels to soU (30 to 50% petroleum by volume; Eastcott et aL, 1989). 

This assessment of HPAH degradaUon assvuned a half-life to soU of Ave yeara and that 
degradaUon foUows a first-order ktoeUc model. DegradaUon was conservatively assumed to 
begto when the populaUons at risk are exposed to the site. In reaUty, severd yeara may 
pass between the measurements of concentraUons to soU and the occupaUon of the site by 
future populaUons. ConcentraUons of aU other chemicds were assumed to remato 
constant over time. Exposure cdculaUons for HPAHs are presented to Appendix B. 

b. Cnlatiatton of Exposure Concentrations 

Exposure concentraUons of chemicds to suiface soils were calculated from the sampUng 
data provided by Parametrix, toe. (see Volume 2 d the RI report). The summaty statlsUcs 
developed for each todlcator chemlcd at each dte were a mean and an upper 95th 
percentUe (population) levd for "typicd" and "worat-case" exposure, respectlvefy. 

Table ni-F presents the exposure concentraUons of the todlcator chemicals. 
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TABLE m - F 

CURRENT SITE SOIL CONCENTRATIONS OF INDICATOR CHEMICALS 
FOR INGESTION AND DERMAL ROUTES OF EXPOSURE (PPM) 

CHEMICAL MEAN UPPER 95% LEVEL 

Metals 

Antimony 
Araenlc 
Cadmium 
Copper 
Lead 
Mercuty 

139. 
9.776. 

67. 
11.688. 
3.809. 

79. 

953. 
70.389. 

256. 
84.494. 
13.476. 

351. 

Organics 

Dibenzdurana 
Dibenzothlophenea 

HPAHs 
m-Nitroanlltoea 

PCBs 

0.54 
0.41 

41.60 
1.24 
0.89 

2.58 
1.60 

285.58 
1.41 
2.63 

a AvaUable data are insufficient to evduate risks quantitatlvefy 
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2. Concentration of Metals to Vegetables 

ConcentraUons of metals to garden vegetables were cdculated by mulUpIylng the uptake 
rate of a metd by ledy or root crops fTable UI-C) by Uie soU concentraUon d the metd 
rrable m-F). Only soU concentraUons that were below the level for phytotoxiclty were 
considered to produce viable crops and thus result to exposure to metals by this pathway. 

3. ConcentraUon of Metds to Airborne Dust 

Ambient levels of metals to fuglUve dust for onsite and offsite receptora were cdculated 
ustog the ISCLT and FDM models by TRC Environmental Consultants. The FDM model 
was prderred because It more accurately cdculates parUde deposlUon and Is more 
conservative to estimating deposlUon and ambient concentraUons. 

Arsenic was assumed to be to the form of araenlc trioxide, a major product from copper 
smdttog. TRC estimated the concentraUon of the metals relative to the concentraUon of 
araenlc as determtoed from the surface soUs analysis of NEA Inc. (Parametrix et aL 1989) 
Elxposure was cdculated ustog annual average concentrations because chronic exposure Is 
more rdevant for evduattog long-term risks of chemicals at this site. These exposure 
concentraUons d metds to air are presented to Appendix C. 

For onsite populations, "worat-case" exposure assumes an todlvidud Is exposed at the 
locaUon of the highest maximd annud average (generally to the stabillzaUon area of the 
copper and arsenic processtog buUdtogs). By contrast, typicd exposure assumes an 
todlvidud is exposed at the locaUon of toteimedlate ambient levels on site. Figure 5 (to 
^pendlx C) depicts the selecUon of this isopleth from the data pn}vided to Volume 1 of the 
RI report. 

The locaUon d maximum exposure to offsite populaUons was determtoed to be dong the 
northwedem boundary of the site (see Appendix C. Figure 5). The "typicd" impact for the 
nearby ofislte populaUon was determtoed to occur approximatefy 0.4 kUometers west of the 
locaUon d the maximum offsite ambient concentraUon at the site boundaty, as depicted to 
Figures. 

4. Offsite DeposlUon of FuglUve Dust 

The tocrease to soU concentraUon due to dlisite deposlUon d arsenic was cdculated to 
assess the increase to arsenic exposure caused by fuglUve dust from the dte. TRC 
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Environmentd Consultants modeled annud deposlUon rates of araenlc trioxide ustog FDM 
and ISCLT models. Agato. FDM gave the most conservaUve results which were therdore 
used jn this report. QuanUUes of other metds deposited were assumed to be to the same 
proporUons relative to Eusenic that occur to surface dust samples at the site (Parametrix et 
aL, 1989). The highest offsite deposlUon rates on residentld property are at the northwest 
border of the property (Figure 6 to Appendix C). Here, totd annud deposlUon is estimated 
to be.0.035_g/m2/year (see Table C-2 to Appendix C for deposlUon rates of other metds). 
By contrast, arsenic deposlUon at the "typicd" receptor locaUon to Ruston Is 0.0028 
g/m2/year, about ten Umes less. 

The tocrease to soU concentraUon caused by Uils deposlUon rate was cdculated assuming 
the bulk soU density reported for Ruston (0.75 g/cm3 average to the top 10 cm; USDA SoU 
ConservaUon Service, 1988), a mixing depth of one cm. and no loss or dUuUon by other 
sources of deposlUon over time. The maximum annud tocrease to arseiUc concentraUon to 
the soU is 4.67 ppm which would resuU to a 356 ppm tocrease over a Ufetlme (76.2 yeara). 
assumtog no loss or dUuUon of araenic. This maximum annud tacrease represents a 0.3% 
tacrease ta the present upper 95 percenUle (geometric mean plus two stand£ud deviaUons) 
dsoU araenlc levels wilhta a haff mUe of Uie smelter (1.361 ppm. average of playgrounds' 
and empty lots I"high use") and resldentld property; Black and Veatch. 1988). 

E. POPULATIONS AT RISK AND DURATION OF EXPOSURE 

AU exposure scenarios to this study assume that no contamlnaUon wiU be removed from 
the site (the "no-acUon dtemative'l. To adjust for the amount of time that people would be; 
exposed to chemicds to soU, exposure was mulUpUed by a correcUon factor for different site 
uses and for chUdren and adults (Table lU-G). 

At this time, the property is fenced and isolated from the pubUc. Access is restricted to 
i workera who gato access from a security guard slaUoned at the locked site entrance. E^ch 

population considered to the exposure scenarios for this study is described below. 
( " 

( 1. OnsUe Residents 

i A hypotheUcd population that would be at greatest risk from exposure to the chemicals of 
concern at the dte would be made up of individuals who were year-round residents d the 
dte. The resldentld scenario was designed to estimate this worat-case exposure, ff year-

j round reddents are not at risk, then tt foUows that vidtora to the site wUl not be at risk 
dther. 
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TABLE m-G 

CORRECTION FACTORS FOR DURATION OP EXPOSURE 

EXPOSURE ROUTE 

tohdaUon 

SoU togesUon 

Vegetable togesUon 

Dermd 

adult* 
ChUd 

adult 
ChUd 

adult 
ChUd 

adult 
ChUd 

ONSri'E 
RESIDENTIAL 

Word-
Case 

1 
1 

0.5 
0.5 

1 
I 

0.5 
0.5 

Typicd 

0.7 
1 

0.5 
0.5 

0 
1 

0.5 
0.5 

ONSITE 
WDUSYBIAL 

Woret-Case 
& Typicd 

0.71 
0 

0.36 
0 

0 
0 

0.36 
0 

OFFSITE 
RESIDENTIAL 

Worat-
Case 

1.0 
1.0 

0 
0 

0 
0 

0 
0 

Typicd 

0.7 
1.0 

0 
0 

0 

0 
0 

*Ages 6 to adult 
Note: see text for raUonde used to develop assumpUons. 
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AU routes of exposure are considered appUcable to adult and chUd residents for a 76.2-year 
Ufetime at the site. A 76.2-year Ufespan was used for consistency with the. 1988 
Endangeiment Assessment, which estimated araenic exposure experienced by offsite 
residents (Black and Veatch, 1986). 

ChUdren are considered the most senslUve subpppulaUon of those potenUaUy exposed at 
the site for non-carctoogenic hedth effects. ChUdren six yeara old or younger generaUy 
have greater exposures to soU because of normd hand-to-mouth activity or to extreme 
cases because of pica (ingesUon of non-food Uems, e.g., soU). to addiUon. chUdren are 
InherenUy more susceptible to toxic effects of heavy metals or organic chemicals for a 
variety of reasons: (1) much more efllcient absorpUon of maity substances from the 
gastrototesttod tract than adults, (2) tocreased prevdence of dietaty defldendes such as 
cddum, an essehUd element that decreases lead and cadmium absorpUon, (3) higher 
metaboUc rate relaUve to body mass, thereby affecting dose per body weight, and (4) lower 
thresholds for adverae effects of non-carctoogenic chemicals. 

For carctoogenlc effects, which depend on cumulative exposure, residents who live Uielr 
entire Uves at the site are conddered to be the todivlduals of greatest hedth concem. 

"Worat-case" and "typicd" exposure via IngesUon of soU and deimd contact was assumed 
to occur for approximately sbc months of the year (i.e.. durtog warm, dry weather) because 
chUdren and adults are unlikely to contact soU when it is cold and wet (USEPA 1986b). 
Although dust formaUon is less likely when the soU is wet. a seasond factor of 0.5 was not 
used for dust inhdaUon exposure because the levels of dust assumed at the dte are annud 
averages that tocorporate seasond vartaUon (Parametrix et aL, 1989). DaUy totake of 
home-grown vegetables is likewise assumed to be an average over the whole year and did 
not require seasond correcUon. 

For inhdatlon exposure. calculaUons of "worat-case" exposure for this populaUon assumed 
that the maximaUy exposed todlvidud resides on the dte 100% d the time, whereas a 
"typlcdfy" exposed todlvidud leaves the sUe area to work or attend school ten houra a day. 
five days per week between the ages of and 76.2, which is equlvdent to spending 70% of 
the time to the area, and is therefore sUU a conservaUve assumpUon. tlhe nearby Ruston 
schod has been closed). 
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2. todusUld Workera 

to the second scenario, the site is assumed to be a future locaUon for either light or heavy 
industty. Adult workera are the mato populaUon of concem. No chUdren are present. The 
most exposed population is assumed to be heavy todustrial workera who work outside and 
regularfy contact soU (worat-case exposure). As a comparison, exposure is also evduated 
for a Ught todustrial worker who spends more Ume todoora {typical exposure). 

Eixposure for workera Is conservaUvefy based on a flve-day work week. Five out of seven 
days is 71% of the days as opposed to the daUy exposure (100%) assumed under the 
resldentld scenario (Table UI-G). All routes of exposure are considered for the todustrid 
scenario except for consumpUon of home-grown vegetables. togesUon of soU and dermd 
contact are dso assumed to occur malnfy for an average of six months of the year during 
warmer, drier weather. The daUy totake rates assumed for workers are based on a totd to 
a ten-hour work day (see below), and therefore no addlUond correcUon for the percentage 
d the day on site is needed. 

3. Offsite Residents 

Risks due to exposure to arsenic to offsite soUs and to air have been evduated previously 
by the Endangeiment Assessment (Black and Veatch, 1988). This assessment used 
ambient monitoring data on araenic to drbome dust which primarUy represent the Impacts 
during plant operaUons and. more recently, plant demoUtlon. The present assessment uses 
ambient levels to air and deposlUon rates modeled by TRC to better estimate the extent of 
risks due to cunent exposure to metds to fugUive dust origtoaUng from the dte. The 
quanUtaUve effect of the toput of araenlc to offsite soU due deposlUon Is then compared to 
the risks cdculated by the Endangeiment Assessment for this populaUon. tocrementd 
risks due to current and hypotheUcd future deposlUon of araenlc are cdculated for soU 
ingesUon exposure by offsite residents, assumtog the above soU totake assumpUons. 

The route of exposure that was cdculated directfy for this populaUon is the inhdaUon d 
metals to fugitive dust, as discussed above. CdculaUons of duraUon of exposure are 
SimUar to those used for onsite residents (above). The "worat-case" condlUon for this 
populaUon assumed that the maxlmaUy exposed todividual resides to the area 100% of the 
time, and that a typicaUy exposed todlvidud leaves the area to work or aUend school ten 
houra a day, five days per week between the ages of 6 and 76.2. 
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F. CALCULATION OF DOSE 

For each route of exposure and age group, a dose was cdculated for todlcator chemicds by 
the equaUon: ~ 

Dose = EC X IRx CF X AB / BW 

where: 
EC = exposure concentraUon (Tables III-C. lU-E) 
IR 1= totake rate (Table III-E) 
CF «= correcUon factor for exposure duraUon (Table Ifl-G) 
AB = percent absorpUon (Table lU-B) 
BW = body wdght (Table fll-E). 

The dose by each route of exposure. (UihalaUon, IngesUon (soU and vegetables), and dermd 
(Table UI-H)). is then compared to the relevant EPA toxidty criteria for the speciflc route 
and chemlcd. The highest dose of any age group to mg/kg/day is used to evduate non-
carctaogenlc chemicals (zero to one year olds). For carctaogens. an average Ufetime dose is 
cdculated by (1) weightag the dose of each age group (e.g.. six to 11 year olds) by the length 
dtlme spent to that age group (e.g.. flve years). (2) summing the time-weighted doses from 
dl age groups, and (3) dlvldtog by Ufespan (76.2 yeara). Spread sheet examples d these 
cdculaUons are presented Appendix B for araenlc. lead, and HPAHs. 

The next secUon (fV.) describes the toxidty criteria which are based on the toxlcologlcd 
effects d the chemicds. The risk characterization secUon (V.) discusses how the non-
carctaogenlc and carctoogenlc hedth risks are calculated using the dose and toxidty 
tofoimaUon. 

G. SUMMARY 

This risk assessment consldera onsite exposure to hypothetlcd residents, onsite exposure 
to workera, and offsite exposure to residents. Exposure pathways of concem for ondte 
residents indude soU togesUon, home-grown vegetable IngesUon, Inhdatlon d metals to 
dust, and dermd exposure to organic chemicds to soU. todustrid workera are assumed to 
have slmUar exposure pathways of concern, with the excepUon of consumpUon d home­
grown vegetables. E:q}osure to oflislte residents is malnfy examtoed for InhalaUon of metals 

57 



TABLE m-H 

DOSE SUMMARY (MG/KG/DAY) 

CHEMICAL 
by 
Paduuay 

Inhaiaxion 

Aisenlc* 

Cadmium* 

Chromium* 

Copper 

] r^ t \ 

Mercuiy 

Nickel* 

Soli IrgesOon 

Antimony 

Arsenic* 

Cn><m<iiTW 

Copper 

t,^^^ 

Merciuy 

HPAHs* 

PCBs* 

RESIE 

Worst-Case 

2.5E-05 

6.9E-07 

1.4E-06 

9.8E-05 

1.2E-04 

7.2E-05 

2.1E-06 

1.2E-02 

6.0E-02 

3.2E-03 

1.1E400 

7.1E-02 

1.8E-03 

1.3E-04 

1.7E-06 

)ENTIAL 

Typical 

9.6E-06 

Z7E-07 

5.5E-07 

5.1E-05 

4.3E-05 

2.6E-05 

7.6E-07 

3.5E-04 

1.8E-03 

1.7E-04 

2.9E-02 

4.0E-03 

8.3E-05 

3.gE-06 

1.5E-07 

HYPOTHETICAL ONSITE 
INDUSTTOAL 

Worst-Case Typical 

CURRENT OFFSITE 
RESIDENTIAL 

Worst-Case Typical 

l .lE-05 

3.1E-07 

6.3E-07 

7.3E-05 

6.2E-05 

3.8E-05 

9.2E-07 

1.8E-0e 

5.1E-08 

l.lE-07 

1.2E-05 

l.OE-05 

e.3E-06 

1.5E-07 

1.2E-03 

1.9E-02 

3.3E-04 

l.lE-01 

7.3E-03 

L9E-04 

l.lE-06 

l.lE-06 

1.8E-05 

2.6E-04 

8.6E-06 

1.5E-03 

ZlE-04 

4.3E-06 

1.6E-08 

3.3E-08 

7.4E-06 

2.1E-07 

4.2E-07 

2.9E-05 

3.6E-05 

2.2E-05 

6.2E-07 

7.6E-07 

2.1E-08 

4.3E-08 

4.0E-06 

4.9E-06 

4.9E-06 

6.3E-08 

AxBenlc 

CfldTnlVTTi 

Copper 

Lead 

Mercury 

HPAHs* 

PCBs* 

4.5E-03 

1.6E-02 

5.5E-01 

7.2E-03 

4.5E-03 

2.4E-04 

6.2E-07 

3.1E-04 

2.1E-03 

3.8E-02 

l.OE-03 

5.1E-04 

3.5E-05 

I.9E-07 

-

-

-

-

-

X3E-07 

9.1E-08 

-

-

-

-

-

7.5E-09 

4.4E-09 

Note: 2.5E-05> 2.5x10-6 

*Doae for carlnogens Is the acnxage ^*r-*\m- dose 

—Not a relevant patfawi^ see text 

58 



to fugitive dust from the site. The impact of deposlUon d dust on the tocrease to risks due 
to subsequent soU togesUon (Black and Veatch, 1988) is dso evduated. 

to the quanUtaUve risk assessment, the chemicals of concem for the soU ingesUon pathway 
are antimony, arsenic, cadmium, copper, lead, HPAHs, and PCBs. Araenic. cadmium, 
copper, and lead are the chemicals of concem for the vegetable togesUon pathway. The 
organic chemicds are most important for dermd contact exposure. Arsenic, cadmium, 
chromium, copper, lead, and nickel are the chemicals of concem for inhdaUon exposure. . 
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IV. TOXICITY ASSESSMENT 

This secUon summarizes the relevant toxicity criteria which are used to this report to 
assess the risks associated with the dose of the todlcator chemicds to which onsite and 
offsite populaUons are assumed to be exposed, as determtoed to the previous secUon. 
.^pendix D. provides more detaU on the toxlcologlcd effects of the tadicator chemicals d 
greatest concem. 

A TOXICITY CRITERIA 

The EPA toxidty criteria used ta this risk assessment were obtatoed from the most current 
source, an on-ltoe database cdled the totegrated Risk InformaUon System (IRIS) 
matotatoed by USEPA. To characterize a chemlcd not listed wlUi IRIS, we contacted EPA 
directfy to obtato further guidance. Some chemicds may have approved criteria that have 
not yet been entered toto IRIS. For chemicds that lack EPA criteria, such as dibenzofuran 
and m-nltroaniltoe. the existtog toxlcologlcd data on the chemicals were reviewed and the 
likelihood d adverae effects predicted to the extent permitted by the data. 

, s : ' . 

' . • > 

Although exposure to some of the todlcator chemicds at the Asarco site may result to botĥ ^ 
non-carctaogenic and carctoogenlc effects, to date the EPA has published chronic toxicity; 
criteria for either non-carctoogedc or carctoogenlc effects for each Asarco todlcator 
chemlcd, but not both. Because carcUiogenlc effect are usuaUy of most concem for 
chronic exposure (are more likely to occur at the lowest doses), non-carctaogenic effects 
that occur at higher levels are considered of less Importance and often do not have EPA. 
guideUnes. Supplementaty InformaUon on the toxicity of these chemicals is presented to 
Appendix D. 

1. Criteria for Non-Caretaogenlc Effects 

The acceptable Intake for chronic exposure (AIC) is the highest human totake of a chemical. 
e:q)ressed as mg/kg/day. that does not cause adverse effects when exposure is long-term 
(Ufetime). AIC vdues are based on long-term animd or human chronic toxidty studies. 
When EPA completes verlflcaUon of the chronic toxidty of a specific chemlcd. it establishes 
a "rderence dose", or RfD. If the RfD for a chemlcd has been established, then the RID Is 
used as the AIC for evduating long-term non-carctoogenic risks at the site. This 
"acceptable" dose is compared to the dose cdculated from the exposure assessment to 
determine whether adverae effects might occur, ff predicted exposure concentraUons are 
bdow the levd d the regulatoty AIC criteria, no adverse hedth effects are expected. The 
AlCs for the chemicals d concem are listed to Table IV-A 
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TABLE IV-A 

TOXICITY CRITERIA FOR NON-CARCINOGENIC EFFECTS 

CHEMICAL AlCorRQi) 
(mg/kg/day) 

Ord InhalaUon 

( _ . . _ . 

I Metals 

Antimony 
Cadmium 
Chromium VI 
Copper 
Lead 
Mercuty 

4.0E-04 
2.9E-04 
5.0E-03b 
3.7E-02 
1.4E-03 
3.0E-04 

a.b 
a 
a 

l.OE-02 
4.3E-04 
5.1E-05 

(USEPA 1986c. 1988a. 1989a; see also SecUon IV. Toxicity Assessment) 
a No EPA criterion established for this route 
b Route is not of concem for this assesment (see SecUon m. B.) 
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2. Criteria for Carctoogenlc Effects 

For chemicals with carctoogenlc effects, EPA calculates the cancer risk assodated with a 
given dose by mulUplj^g the dose from a given route of exposure by a cancer potency 
factor or potency slope. The EPA derives potency factora from the upper 95% confldence 
limit of the slope d the extrapolated dose-response curve, which shows the relaUonshlp 
between a given dose and the associated tumor inddence. As a result the predicted cancer 
risk is an upper-bound estimate of the potentid risk associated with exposure. This 
totenUondfy overestimates the actual risk to order to ensure protecUon of public hedth 
beyond a reasonable doubt. Table IV-B summarizes the potency factora for indicator 
chemicds with carctoogenlc effects. 

3. Criteria for Ambient Levels 

WhUe the EPA criteria described above are used to assess the hedth risks associated with 
elevated concentraUons of hazardous substances, other agendes have set ambient 
exposure standards for permissible levels of hazardous substances to afr. These standards 
were compared to the concentraUons of the metds of concem detected to fuglUve dust at 
the Asarco site. 

a. PEL/TLV 

The OccupaUond Sdety and Hedth AdministraUon (OSHA) and the American Conference 
d Governmental and todustrid Hyglenists (ACGIH) have set exposure standards under 
which it is beUeved that nearly aU workera may be exposed repeatedfy without adverae 
effect These standards are the Permissible Exposiu-e Limits (PELs) and Threshold Limit 
Vdues (TLVs) which are time-weighted averages based on occupaUond exposure for an 
eight-hour day and a forty-hour week (ACGIH, 1987; OSHA 1989). For the chemicals of 
concem at the dte. PELs and TLVs are sImUar except as noted below. 

Because workera are thought to be a generaUy hedthier subset of the generd populaUon. 
occupaUond standards are not considered protecUve enough for more sensitive membera of 
the generd populaUon even with a correcUon for differences to exposure period. These 
standards are used to evduate risks for workera. assuming site use as an todustrid or 
commercld facUlty. 
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TABLE IV-B 

TOXICITY CRITERIA FOR CARCINOGENIC EFFECTS 

CHEMICAL 

Ord 

POTENCY FACTOR 
(mg/kg/day)-1 

InhdaUon Dermal 

Metals 

Arsenic 
Cadmium 
Chromium VI 
Nickel 

1.65E+00 

a 
a 
a 

5.00E+01 
6.10E+00 
4.10E+01 

1.70E+00 

a.b 
a.b 
a.b 
a,b 

Organics 

HPAHs 
PCBs 

1.15E+01 
4.34E+00 

6.11E+00»» 
4.34E+00b 

a 
4.34E+00 

(USEPA 1986c; 1988a; 1988e; see d s o Section IV. Toxicity Assessment) 
a No EPA criterion available for this route 
b Route is not d concem for this assesment (see SecUon m. B.) 
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b.AAL 

The Washington State Department d Ecology (WDOE) is currentfy to the process of 
developing Acceptable Ambient Levels (AALs) for the generd population (WDOE. 1988).' An 
AAL is an estimated concentraUon limit to which dalfy exposure by the generd pubUc is 
likdy to be without appreciable risk d ddeterious effects during a Ufetlme. These 
guldeltoes are not currentfy being enforced by WDOE. but have been adopted by the Pugrt 
Sound Air PoUuUon Control Agency (PSAPCA). Severd sources were used to develop the 
AALs. tadudtog the AALs d the State of Massachusetts, TLVs (modified to accoimt to more 
senslUve membera of the generd pubUc). and the avaUable tcoddty data. The AAL 
guldeltoes were used both to screen for todlcator chemicals and as an additiond criterion 
with which to evduate risk (Tables U-C and U-D). to generd. however, the EPA risk 
assessment procedures are prderable to ustog the AALs because the risk assessment 
methodology is based on dte-speciflc conditions and thus should be more accurate. ln~ 
addiUon. data on the derivation d AALs are not as readify avaUable and therdore AALs 
cannot be easUy reviewed for sdentlflc vzdldity. ' 

B. CHEMICALS OF CONCERN 

1. Antlmonv 

Antimony at the site is assumed to be present as either metallic dust or as a mixture of 
soluble sdts. The ord reference dose of 4x10-4 mg/kg/day is based on a study d chronic 
ord administration of potassium antimony tartrate to rats to drinking water (USEPA 
1988a). The criUcd effects to this study were decreased longevity and dtered blood glucose 
and cholesterol levels. No InhalaUon rderence dose for antimony has been devdoped by 
EPA However, the PEL for workera is 0.5 mg/m3 (ACGIH, 1987; OSHA 1989). and the 
AAL set by the State is 1.2 ug/m3 (WDOE, 1988). Because the eight-hour maximum 
concentraUon at the dte is three ordera d magnitude below the PEL fTable IV-C) and two 
ordera d magnitude bdow the WDOE AAL. antimony tohalatlon exposure was not 
conddered to this risk assessment (Table n-D). 

2./aa£Dl£ 

The toodc pdency of araedc varies with Its chemlcd form. The prlmaty forms d concern to 
this risk assessment are trtvdent and pentavdent tooigaiUc arsenic. Ttlvdent (arsenlte) 
compounds are more toxic than pentavdent (arsenate) conpounds, but to the environment 
araenite is rapldfy converted to araenate (Gqyer, 1986). 
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TABLE IV-C 

ONSITE EIGHT-HOUR MAXIMUM CONCENTRATION COBflPARED TO 
OCCUPATIONAL LIMITS (OSHA PEL) 

CHEMICAL 

Antimoity 
Araenic 
Cadmium 
Chromium 
Copper 
Lead 
Mercury vapor 
Nlckd 

a OSHA (1989) 
b Parametrix e t 

PELa 
(ug/m3) 

500. 
10. 

200. 
50. 

1,000. 
50. 
50. 

1.000. 

a i . (1989) 

ONSmS 8 HR. MAXb 
(ug/m3) 

0.72 
4.60 
0.04 
0.08 
4.81 
4.08 
2.47 
0.12 

8 HR MAX/PEL 

0.0014 
0.46 
0.0002 
0.0016 
0.0048 
0.082 
0.049 
0.0001 
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Risk assessments for araeiUc are generaUy based on the toducUon of lung cancer by 
I Inhded araenic and the toducUon d skto cancers by ingested araenic. These are the effects 
L of greatest concem for chronic exposure to the low levels present at the smelter dte. 

Non-carctoogenic effects assodated with chronic exposure include skto ledons. tojury to 
peripheral and centrd nervous systems and a cardiovascular disorder known as blackfoot 

, disease (USEPA 1984d. These effects are described to delaU to Appendix D d this report. 
I • 

The inhdaUon potency factor of 50 (mg/kg/day)-1 was developed from studies of human 
j mdes occupaUonaUy exposed to arsenic via inhdatlon (USEPA. 1988d. The AAL for -
I araenic (0.00023 ug/m3) is based on this potency factor, assumtog lifetime exposure with a 

20 m^/day InhdaUon rate and 70 kg body weight. The maximum annud average of~ 
j araenic to airborne dust on site exceeded this AAL by 1.000 times. By comparison, for 
i workera, the PEL at 10 ug/m3 is two ordera of magnitude higher than the elght-hour 

maxlmum on site (Table IV-C). The ACGIH TLV is 200 ug/m3. 
I' 
' The ingesUon potency factor has recently been revised by CAG (USEPA 1987b). The new 

estimate. 1.65 (mg/kg/day)* 1, is almost an order of magnitude lower than the estimate 
Issued to 1984, at 15 (mg/kg/day)*^. The dUTerence is due to a revised evaluaUon of the 
same study upon which the orlgtod cancer potency factor was based, to this study, theii 

( tocldence of skto cancer to people exposed to araenlc to drinking water to Taiwan was 
I reandyzed using the generalized multistage modd and tocorporatliig ztssumpUons that are 

more reallsUc for the U.S. populaUon. The differences between the two evduaUons are 
j summarized to detaU to Appendix D. 
{ 

3. Cadmium 
i . 

The totake route of cadmium largefy determtoes the nature d its toxic effects. The 
InhalaUon potency factor of 6.1 (mg/kg/day)~l is based on the tocreased toddence of lung 
cancer to workera occupatlondly exposed to cadmium by InhalaUon. Cadmium Is not 
cuirentfy beUeved to be carctoogenlc via IngesUon (USEPA 1988d. 

I The ord non-carctoogedc AIC d 2.9 x 10*4 mg/kg/day is derived from the EPA water 
quaUty criterion, which is based on the no effect level for protetourla (kidney damage) to a 

( human populaUon exposed to cadmium-contaminated food (USEPA 1984c). EPA has not 
I devebped an tohdaUon AIC for the non-carctoogenic effects d cadmium, and because the 

toxic effects of cadmium are route-specific, the ord AIC cannot be used to estimate non-
carctoogenlc tohdaUon effects. Therdore, the non-carctoogenic risks from tohdation 
e}q)osure to cadmium were not quanUtatlvefy estimated to this assessment 
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The syoiptoms of chrodc cadmium toxicity are discussed to Appendix D. The AAL for 
cadmium is 0.00056 ug/m3, whereas the PEL Is 200 ug/m3 and the TLV 50 ug/m3. 
Cadmium levels to air on site exceeded the AAL by 4 times, but the eight-hour maximum 
was severd ordera of magnitude below the aUowable occupaUond exposure limits. 

4. Chromium 

Although the state of chromium at the site was not deteimtaed. both hexavdent (VI) and 
trtvdent (UI) chromium are possible at the site. Because no data were provided on the 
proporUons d each vdence present, the risk from chromium exposure was assessed ustag 
EPA criteria established for the more toxic hexavdent state. This is a conservaUve 
assumpUon which wUl Ukely overestimate risk. 

Conduslve epidemiological evidence has established that chronic Inhdatlon exposure to 
hexavdent chromium causes bronchlogenic tumora. In contrast, there are no human or 
animd studies tadlcattog that chromium VI is carctaogenic via togesUon (USEPA 1988a). 
The tohdaUon potency factor of 41 (mg/kg/day)*^ devdoped by EPA Is based on data from 
an epidemlologlcd study of occupaUond exposure to totd chromium, to that study, it was 
assumed that one-seventh of the totd chromium was to hexavdent (carctoogenlc) form. 
Thus, the EPA has staled there may be as much as a seven-fold imderestlmaUon of the 
potentid risk from pure hexavalent chromium exposure Inherent to the EPA Inhdatlon 
potency factor (USEPA 1988a). 

Although chromium exposure can cause a variety of non-carctoogenic toxic effects, these 
effects have not been observed foUowtog exposure to chromium concentraUons as low as 
those at the site. The PEL for tolal chromium is 50 ug/m3. wliich Is a thousand Umes 
greater than the eight-hour maximum detected on site. An AAL has not been devdoped for 
hexavdent chromium. 

5. Copper 

High doses d copper are acutefy toxic to humans; however, low doses are nutriUonalfy 
essentld. to individuals with noimd copper metabolism and noimd glucose-6-
phosphodehydrogenase (G6PD) levels, there is a wide separation between required and 
toxic levels of copper totake (USEPA 1984d). Chronic copper toxidty has not been 
docimiented to the generd populaUon (Aaseth and Noraeth, 1986). 
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Reports of systemic effects of chrodc exposure to copper are uncommon to the Uterature. 
One reason may be because of the homeostaUc regulation d copper absorption by the 
gastrotatesttad tract and because togestion of smaU amoimts of copper causes vomlttog 
(Gqyer, 1986). 

At some locations at the site, copper concentrations have been measured at 300,000 ppm. 
Contact dermaUtis may result to sensitive todivlduals who are exposed to copper sulfate at 
this concentration. Acute effects reportedly assodated with occupationd exposure to 
copper dust and fumes are not expected at the site as the concentrations of copper dust 
and fumes are weU below regulaloty levels of concem (see below). 

Because an RfD is not currentiy avaUable for copper, the quantitative non-carctoogenic risk 
estimates of exposure to copper at the site were developed ustog the AICs recommended to 
the EPA Superfund PubUc Hedth E^rduation Manual (USEPA 1986c). Tlie ord AIC of 3.7 x 
10*2 mg/kg/day was derived from the LOAEL (lowest observed adverse effect level) for 
gastrotalesttoal effects ta humans. The talialaUon AIC of 1.0 x 10'^ mg/kg/day is based 
on the TLV for tohdation of copper mists or dusts (USEPA 1984d; USEPA 1986c). 

Copper is not considered a carctaogenic metd by any exposure route (USEPA, 1988a). No 
human or animd carctoogenldty has been established. Eqdvocd data has been reported 
on its mutagenidty. 

Copper has the highest AAL and PEL of the metals of concern. These levels are 2.4 ug/m3 
and 1000 ug/m3, respectively. Copper concentrations onsite are an order d magnitude 
bdow the AAL and three ordera of magdtude bdow the PEL fTables U-D and IV-C). 

6. Lead 

The existing criteria for the non-carctoogenic effects d lead are 1.4x10*3 mg/kg/day for 
ord exposure and 4.3x10*4 mg/kg/day for inhdation exposure (USEPA 1986c). Exposure 
via these routes of exposure bdow these rates is not experted to result to adverae hedth 
effects to humans. However, these criteria are currentfy under review by the Agency to 
light of recent findings on the subtle effects d lead at low blood levels (see Appendix D). 

Lead is classified as a probable human carctoogen (USEPA 1988b). At present, the EPA 
recommends that "quantitative estimates of the carctoogenlc potency d lead not be used for 
the purpose of risk assessment, because of the condderable uncertatoty to the estimates" 
(USEPA, 1988b). Moreover, because lead causes tumora to laboratoty atumate ody at vety 
high doses, non-carctoogenic effects are of greater concem at low levels de3q>osure such as 
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those at the Asarco dte (USEPA 1988b). Therefore, ody non-carctoogenic criteria were 
used to assess site risks. 

Although there Is no EPA verified reference dose (RID) for lead, there Is an AIC listed to the 
USEPA Superfund PubUc Hedth Evaluation Manud (USEPA 1986c). The AIC used to tius 
report is so conservative that average background soU concentrations d lead could yield a 
dose approachtog the AIC. However, studies d blood lead levels to chUdren Indicate 
increases to blood lead levels are not slgnfflcant untU soU lead levds exceed 500 to 1.000 
ppm (CDC, 1985). 

The maximum annual average of lead to air on site Is haff of the AAL which Is 0.49 ug/m3. 
The eight-hour maximum level on site is two ordera of magnitude below the PEL of 50 
ug/m3. TheTLVisl50ug/m3. 

7. Mercury 

The majority of mercvuy present ta site soUs was probabfy deposited as taoiganic mercuty 
from smelter flue dust, dthough some unknown amount may be present as dementd 
mercuty or as organomercurials formed by mlcrobld action, to the soU. The wide variation 
to toxicity among the forms of merciuy possible at the site complicates predictions of 
potential risks from mercuiy exposure, as discussed to the uncertatoty section of the report 
(Appendix E). As a result this report uses the EPA toxidty crtteria for the most toxic form 
d mercuty possible by each route of exposure. 

The verifled rderence dose (RfD) for ord exposure is the same for organic and toorganlc 
mercuty. This RFD (3x10*4 mg/kg/day) was calculated for the EPA drinktog water criteria 
(0.01 mg/L) and is based on autolmmime effects (USEPA 1989d. 

For InhdaUon. the AIC for taorganic mercuiy sdts. 5x10*5 mg/kg/day, is based on the 
TLV for mercuty vapor. This criteria Is thus conservative because mercuty vapor is vety 
dlldentfy absorbed compared to the mercuric sdts assumed to be present ta inhded 
particulates at the dte. The AIC for dltyl merciuy and other organic merciuy. compounds 
is based on chronic occupaUond exposure data (1x10*4 mg/kg/day; USEPA 1984e; 
USEPA 1986c). InhalaUon risks are assessed to this report using the more conservaUve 
AIC for toorganlc mercuiy (above). 

The maximum concentraUon d mercuty ta airbbme dust on site (0.14 ug/m3) is below the 
occupationd exposure Umits for mercuty vapor (50 ug/m^; OSHA 1989) . This maximum 
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concentration on dte is also below the AAL for taoiganic mercuiy (0.24 ug/m^) and 
approximatefy equlvdent to Uie AAL for mercuiy vapor (0.12 ug/m3; WDOE. 1988). 

Mercuiy and compounds have been given a weight-of-evldence classification for 
carctaogenidly of D, not dasslfied as to human carctaogeniclty. on a scde of A to D. The 
rationde behtod this classffication is the lack of human data and the Judgement that the 
avaUable animd data are inadequate. 

8. Nickel 

to the todlcator chemical selection step. appUcation of worat-case exposure assumpUons for 
ingestion of soU at the Asarco site produced an estimated dose of nickel that is an order of 
magnitude lower than the EPA AIC (USEPA 1986c). As tiie worat-case dose would be weU 
below the threshold for non-carctoogenic effects, ord non-carctoogeiUc risks were not 
quantitatively estimated to this assessment. At this time, there is no evidence to suggest 
that togested nickel is carctoogenlc (USEPA 1988a: ATSDR, 1987d). Therdore we have . 
assumed that togestion of nickel at the site wUl not contribute to the cancer risk from 
nickel exposure. 

There are no conclusive data available to todicate which form of nlckd is present at the 
Asarco site. The carctoogenlc potency of inhded nickel varies with its foim. with nickel' 
subsulflde the most carctoogenlc. 100% of the nickel at the Asarco dte is conservatively 
assumed to be present as nlckd reflnety dust, which todudes the carctoogenlc nlckd 
subsulflde. 

Inhalation of nickel is assodated with resplratoty tract cancer to nlckd reflnety workera. 
The inhdation potency factor of 1.7 (mg/kg/day)*^ developed by EPA is based on the 
incidence d respiratory cancer to workera exposed to nickel rdtoety dust containing nickel 
subsulflde (USEPA 1988a). Quantitative data conceming the uptake of nlckd by the 
resplratoty tract are not avdlable (ATSDR 1987d). Because resplratoty absorption 
effidency is completely dependent on the characteristics of the dust particles respired, an 
accurate determination of the percent of nickel actuaUy absorbed cannot be made. 100% 
absorption eflklency is therdore conservatively assumed. 

The maximum annual average concentraUon of nlckd to air on site exceeded the AAL for 
nickel (0.002 ug/m3) by a factor d three fTable U-D). The PEL for nlckd suUlde is 1,000 
ug/m3, which is ten thousand times greater than the eight-hour maximum levds on site: 
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9. PolcvcUc Aromatic Hydrocarbons fPAHsl j 

PolycycUc aromatic hydrocarbon (PAH) mixtures have been shown conduslvely to be 
carctoogenlc to humans; however, no data on the carctoogenicity of todlvidud PAH | 
compounds to humans are available. 

Fourteen todlvidud PAHs have been shown to be carctoogeiUc to studies to laboratory } 
animds with tumors observed ta multiple organs after inhdation. Ingestion, or dermd 
exposures. In addition to these fourteen probable human carctoogens. the EPA has ^ 
dasslfled ntoe other PAHs as possUile human carctoogens. The carctoogenlc effects of { 
PAHs are largely associated with the hlgh-molecular-welght species (HPAHs) (L\RC. 1983). 

1 
EPAs estimates of the cancer potency for PAHs is based on studies of benzolalpyrene 
(USEPA. 1984b). Benzolalpyrene (B(alP) Is one of the most weU-studled PAHs and Is 
considered the most potent of the carctoogenlc PAHs. I 

i 

The oral potency factor for BlalP is based on the tocldence of stomach tumora (squamous 
ceU paplUomas and carctoomas) to mice exposed to B(a]P to the d e t The inhdation 
potency factor is based on the toddence of resplratoty tumors to mde hamstere exposed to 
BlalP by InhalaUon. A deimd potency factor was not developed (USEPA 1984b). , 
Therdore, we are unable to quantltaUvely evaluate the risk of skto cancer from B(alP. It Is ; 
Inappropriate to use the ord or inhdation polency factora to evduate a systemic dose 
absorbed through skto, because the EPA criteria are based on the rate of toddence of | 
stomach and resplratoty tumora, respectively. j 

10. Pohrchlortoated Blphenvls (PCBs) 

PCBs have not been shown to be carctoogenlc to humans, dthough they have been shown 
to cause Uver tumora to rodents via Ingestion, to the study used by EPA to develop the 
PCB potency factor. PCB exposure did not shorten the Ufe span of laboratoiy rats, nor did It 
increase the overaU tocldence of rat tumora (Kimbrough et aL, 1975). However, the 
treatment tocreased the tocldence of Uver tumora late to Ufe whUe suppresstog other types 
d tumora. PCBs have been shown to decrease the tumor toddence to experimentd 
animds if adminldered prior to exposure to other carcinogens. 

The EPA ord potency factor for PCBs Is based on the combtoed tocldence d hepatoceUuIar 
carctooma and neoplastic nodules to femde rats exposed to PCBs to the diet (USEPA 
1986b). Risks from exposure via dermd contact are evaluated to this assessment using the 
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EPA ord potency factor and appropriate absorption factora, because the potency is based 
on systemic effects rather than on tumora formed at the site of entty (USEPA 1986b). 

11. Dibenzofuran 

Dibenzofuran was detected to soUs at a few locations on the Asarco dte (mean » 0.54 ppm). 
There are Uttie data available on the toxidty of tills compound, dthough the toxlcological 
properties of dibenzofurans as a chemlcd class have been extenstvefy studied. Therdore. 
the risks associated with exposure to this chemlcd cannot be quantlfled. Our evduatlon of 
its toxicity is quaUtative. and centera on the relationship of the unsubstituted congener to 
the highly toxic pofychlorinated dibenzofurans. 

a. Tturicfly 

Dibenzofurans and dibenzo-p-dloxlns are structuraUy-related compounds that produce 
SimUar patterns of biological and toxlcologlcd responses. Limited experimentd data, to 
addition to strong structure/activity relationships for (n vilaro and In vivo toxic effects, 
todicate that many d the 135 polychlorinated dibenzduran congeners may evoke -
toxicologic responses sImUar to that of the polychlorinated dibenzo-p-dioxlns (Bellto and 
Barnes, 1985; Sde et d., 1985). Tlie dibenzofurans vaiy greatiy to toxic potency, and most 
of the congenera have not been adequately tested (DOHS. 1985; Poland and Knutson. 1982; 
Poland et d.. 1982). 

The unsubstituted dibenzofuran detected at the Asarco site apparentfy does QSl produce 
the toxic or mutagenic effects assodated with some ol the structuraUy simUar chlorinated 
dibenzofurans (Poland and Knutson. 1982; Poland et oL, 1982; Sde et aL, 1985; Bellto and 
Barnes. 1985; DOHS. 1985). Because this congener does not have the apparentiy 
requisite laterd hdogen substituents. it wiU to all probabUlty not btod to the cytosoUc 
receptor proteto which mediates the toxic effects associated with polychlorinated 
dibenzofurans and dlbenzo-p-dloxlns. 

b. Carcinogenicity 

Currentfy. there are Uttie data available on the carctoogenlc potentid d the dibenzofuran 
chemical dass. A detaUed review d the current Uterature produced no evidence that the 
unsubstituted dibenzofuran detected at the Asarco site is carctoogenlc to animals or 
humans (USEPA 1986c; USEPA 1988a; Sde et aL, 1985; Huff et aL, 1980; BeUto. 1985; 
Kociba and Cabey, 1985; Poland and Knutson, 1982; Poland et aL, 1982; DOHS, 1985). 
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The CaUfomla Department of Hedth Services (DOHS) conduded to a 1985 report (DOHS, 
1985) that pofychlortoated dibenzofuran Isomers contalntog greater than four chlorines 
should be considered potentid human carctoogens. This conclusion was based on the 
evidence that 2,3,7,8-TCDD is an animd carctoogen, and on the structure/activity 
relaUonshlps between the presence d laterd chlortoe substituents and btodtog with the 
cytosoUc receptor proteto (DOHS, 1985). Such an inference may not be sound, as it has 
not been shown that the cytosoUc receptor proteto is associated wlUi a i^ carctoogenlc 
response. The DOHS did not make a determtoaUon of the carctoogenlc potentid of 
dibenzofuran congenera with less than four chlorUies. such as the unsubstituted 
dibenzofuran present at the Asarco site. EPA does not consider unsubstituted 
dibenzofuran to be carctoogenlc. 

c Mutagenicity 

The Sdmonella mutagenesis assay Is based on observations of reveralon mutations to 
mutant strains of salmonella bacteria. In a recent compilation of data from various studies 
d chlorodibenzo-p-dioxlns and furans. no mutagenic response from unsubstituted 
dibenzofuran was observed to 8/8 stratos of Sdmonella sp. (Kodba and Cabey. 1985). 

Based on our review of the Uterature. there is no evidence to suggest that unsubstituted 
dibenzofuran is toxic, carctoogenlc. or mutagenic at the levels detected at the Asarco site. 

12. Dibenzothiophene 

Dibenzothiophene is a colorless ctystaUtoe soUd which occura to petroleum oils and is used 
to the production of cosmetics and pharmaceuticds (Sax and Lewis, 1987). Vety Uttie 
Information is avaUable on the toxlcologlcd properties of this chemlcd. to a review of 
TOXUT database, UUs chemlcd reported to be the mato Ingredient responsible for the rose 
scent to rose oU (NLM, 1989). to this same database, one stucfy of polycycUc aromatic 
suffur heterocydes, tocluding dibenzothiophene, found that these compounds demonstrate 
vety weak or no mutagerUc activity (NLM, 1989). Dibenzothiophene Is also inactive as a 
carctoogen (USEPA, 1989b). Because there is no overt rderence to the toxicity of 
dibenzothiophene to the Uterature, and as it is used to cosmetics and pharmaceuticals, one 
may expect any hedth risks associated with low-level exposure to dibenzothiophene to be 
minimal. 
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1.^. p^fffq.Nltrijipnlllny 
\ 
I 

At the Asarco site, m-nltroaniltoe was detected to 5% of the soU samples. The mean 
r concentration was 1.24 ppm. and the upper 95% levd was 1.41 ppm. A search of the 
! Nationd Ubrary of Medlctoe's Medltoe databases (RTECS. GENETOX, AQUIRE. IRIS. HSD, 

and CASRJ reveded no dose-response Information for this compound. The evduation of 
r this chemlcd is quaUtative because of insuffident toxlcologlcd data. 

cuToxicUy 

m-Nitroanlltoe is readUy absorbed through totact skto. Its vapora can be toxic (Beard and 
Noe, 1981). Although occupationd studies have documented that acute exposure to high 
levds of m-nltroaniltoe may cause methemoglobtoemla and chronic exposure to 
concentrated amounts can result to liver damage (Merck, 1988; Beard and Noe. 1981). the 
evidence is insufficient to determtoe whether or not the low levds present at the Asarco site 
would produce adverae effects. 

b. Ccavinogenictty 

m-NltroanlUne and the other nitroanlUne isomers are not reported to be carctoogenlc to the 
current sdentlflc Uterature (Beard and Noe. 1981; USEPA 1986c; USEPA 1988a). 

c MutagenicUy 

The mutagenicity of m-nitroanlUne to the Ames Salmonella assay was reported by Shimizu 
and Yano (1986) as part of a study of the structure/mutagenicity relationships of 37 mono-
nitrobenzene derivatives. Five stratos d SalmoneUa typhtmwtum were used for the 
detection of frameshift mutations and base-pair substitution mutations. Chemicals 
inductog more than twice the number of revertant colonies as the control (DMSO) plate 
were considered to be mutagenic. 

m-Nitroanlltoe was most mutagenic to the firameshlft strains; however, some base-pair 
subsUtution strato mutagedcity was observed at high doses (Shimizu and Yano, 1986). 
Shahto has dso reported the mutagenicity of ro-nltroaniUne to three strains d SalmoneUa 
typhimurtum (Shahto, 1985). M-nltroaniltoe has been reported to be mutagenic to the "rec" 
assay as weU. which is a mutagen screening assay perioimed with strains d BadUus 
subUUs (Shimizu and Noe, 1986). 
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^ 
other researchera have reported that m-nitroanUtoe is mutagenic only under certato test 
conditions, such as the presence d external enzyme systems (Loew. et dL 1979). 
Bioreduction of the nitro group to an active toteimedlate Is assumed to be the mechanism 
dbloactivation (Chiu, et d. 1978). 

to summary. m-nitroanlUne does not appear to be present at the site at levels that would be 
d potentid hedth concem to current or future residents. The information avaUable 
todicates that m-nitroanlUne is not associated with carctoogenlc effects and. therefore, it 
WlU not add to the overaU carctoogenlc risk for the site. 

75 



V. RISK CHARACTERIZATION 

According to an EPA guidance manud (USEPA. 1986c). the "acceptable" range of 
carctoogedc risk is 10*4 to 10-7, or a chance of between one to 10.000 to one to 
10.000.000 of developing cancer (but not necessarily dying from it) due to exposure to 
carctoogens. An upper-bound estimate of risk to this range means over lifetime (76.2-year) 
exposure to given chemlcd concentrations, a peraon experiences a maximum tocreased 
chance of from one out of ten-thousand to one out of a mUUon of developtog cancer. This 
report foUows these conservative federd guideUne to risk levds for the site. To calculate a 
totd cancer risk for the site, risks for aU diemlcals with carctoogenlc effects are summed 
for aU relevant routes of exposure. 

Non-carctoogenic health risks are evduated separately from carctoogenlc risks. Unlike 
chemicds with carctaogenic effects, non-carctaogenic chemicals are assumed by the EPA to 
have a threshold dose level below which no adverae effects are observed. Hedth risks of 
these chemicds are therdore evduated by comparing the calculated daUy dose resulting 
from site exposure to the EPA estimate of "acceptable" daUy totake for chronic exposure 
(AIC; USEPA 1986c) or more recently the verified reference dose (RID). These criteria, 
which are discussed to the toxicity assessment section, approximate the dose that is not 
expected to result to any adverse health effects over long-term exposure. Risks of non-
carctoogenic chemicds that act by toxicoIoglcaUy slmUsu* mechanisms should be added. 
Severd metals at the site have the potential to affect the same target organ, posslbfy by 
similar mechanisms. This toteraction is discussed separatefy. below. 

A range of risk estimates are given for both carctoogens and non-carctoogens according to 
the range of possible exposure assumptions from 'typicd" to "worat-case". "Worst-case" 
risks were cdculated ustog worat-case exposure assumptions and exposure concentrations 
from the upper 95% level d the sampltog data. "Typicd" risks were cdculated ustog more 
redistic (dthough stiU conservative) exposure assumptions and the mean soU 
concentraUon for site chemicals. The "worst-case" exposure condlUon gives the most 
conservative results and thus is unlikefy to underestimate the risk, but may signlflcantfy 
overestimate risk. The effect of these assumptions on the results are discussed to more 
detaU to the uncertatoty secUon (Appendix E). 

The foUowtog sections discuss the results d the risk characterization for carctoogenlc and 
non-carctoogenic chemicals. 
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A. CARCINOGENIC RISKS 
) 

Tables V-A and V-B list the carctoogenlc risks for tiie todlcator chemicds under "typicd" \ 
and "worat-case" exposure assiunptlons for the populations at risk. Carctoogenlc risks are 
presented as the Ufetlme tocrementd upper-bound risk of developtog cancer as a result of 
being exposed to these chemicds under the assumed conditions. These risks are presented -
for each chemlcd and as a totd for aU exposure routes of concem for each of the two 
hypotheticd site-use scenarios and for offsite residents as recommended by USEPA j 
(1986c). 

1. Comparison of Risks Among Carctoogenlc Chemicals ! 

Arsenic accounted for 99% of the site risk under aU scenarios considered. (Note: risks ^ 
shown by Tables V-A and V-B are rounded to a number foUowed by an order of magnitude. 1 
e.g.. 1 X 10-6. as recommended by USEPA (1986c). As a result, percentages of risk 
cdculated from these tables may differ sUghtiy because of roundoff error). The totd risk 
due to araedc was 10*1 to 10-3. The chemicals associated with the next highest risk level 
were HPAHs (10*3 under "worat-case" exposure). The other chemicds with carctoogenlc 
effects (cadmium, chromium, nickel, and PCBs) have risks wlthto EPA guldeltoes (10-4 to I 
10*7). Figures 3 and 4 depict the site risks using a normd scde to show artud 
proportions and a log scale for readabUlty of vdues. As can be seen on the normd scale, 
the proportion of risk attributed to araedc Is far greater than that d aity of the other [ 
chemicds combtoed. 

Arsenic also accounted for 99% of the risk for offsite Inlialation of fugitive dust. Risks for j 
chromium were wlthto the 10*4 to 10*7 range to "acceptable" risk (USEPA 1986c). 
Cadmium and nickel were associated with 10-6 risks via tohdation. i 

Carctoogenlc risks associated with the various exposure pathways for the todlcator 

chemicds are discussed below to order of highest to lowest risk at the site. | 

a Arsenic 

Arsenic Is the dominant source of risk for the populaUons and dte uses considered. The 

soU ingestion pathway was associated with the greatest araenlc risks under "worat-C£tse" } 
exposure assumptions for onsite residents. Risks by this pathway were about 10 times J 
greater than risks associated with home-grown vegetable consumption and about 80 times 
the risks via inhalation. I 
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Figure 3 

Total Carcinogenic Risk - 'Typical" Exposure 
Conditions (Normal Scale) 
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Figure 4 

Total Carcinogenic Risk • "Worst-Case" Exposure 
Conditions (Normal Scale) 
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TABLE V-A 

TOTAL CARCINOGENIC RISK - T T P I C A L " EXPOSURE CONDITIONS 

CHEMICAL-

Arsenic 
HPAHs 
Chromium 
Cadmium 
PCBs 
Nickel 

T o t d Risk 

HYPOTHETICAL 
ONSITE 

Resldentld 

3E-03 
4E-05 
2E-05 
2E-06 
2E-06 
lE-06 

SE-03 

HYPOTHETICAL 
UN SITE 

Industrid 

5E-04 
2E-07 
4E-06 
3E-07 
2E-07 
3E-07 

5E-04 

TABLE V-B 

CURRENT 

Oi-'l-' sri'E 
Resldentld 

4E-05 
— 

2E-06 
lE-07 

— 

lE-07 

4E-05 

- . _ 

- _ -

-

TOTAL CARCINOGENIC RISK - "WORST-CASE" EXPOSURE CONDITIONS 

CHEMICAL 

Arsenic 
HPAHs 
Chromium 
Cadmium 
PCBs 
Nlckd 

T o t d Risk 

HYPOTHETICAL 
ONSITE 

Resldentld 

lE-01 
2E-03 
6E-05 
4E-06 
lE-05 
^£^26 

lE-01 

HYPOTHETICAL 
ONSITE 

todustrid 

3E-02 
lE-05 
3E-05 
2E-06 
5E-06 
2E=QS. 

.'nc-02 

CURRENT 
OFFSITE 

Residential 

4E-04 
~ 

2E-05 
lE-06 

— 

lE-06 

4E-04 

Chemlcd is not of concem via inhalation d fugitive dust. 
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SoU togestion was also associated with the greatest risks under "typicd" exposure 
conditions; differences to risk between this pathway and the oUier pathways were by a 
factor six. Risks due lo vegetable ingestion were not tocluded to calculations of risks for 
araenlc because araenic concentrations at the site exceeded the upper Umit for plant yield. 

Under the todustrid use scenario, risks associated with soU togestion were 60 times greater 
than those associated with inhdaUon of araenlc ta dust. Inhadation of arsenic ta dust 
would result ta risks of 10*3 to 10*4 for workera. By comparison, the eight-hour maximum 
concentration of araenic ta the air (4.6 ug/m3) is below the occupationd standard (PEL) for 
inorganic arsenic (10 ug/mS; Table IV-C). 

b. HPAHs 

Risks were cdculated for exposure to tills group of chemicds by soU ingestion, (tohdation 
was determtoed to be a less significant route of exposure; see Eiq)osure Assessment, 
SecUon U.) For tiie resldenUd site-use scenario, "worat-case" and "typicd" risks ranged 
widely from 10*3 to 10*5 because of the large variance to samples taken at the site which 
increased the upper 95% sample level use for "worat-case" cdculations. PAHs were 
localized to a few "hot spots" on site. Risks for workers were 10*6 and lower. 

As noted previously, almost haff of the average HPAH concentration on site Is made up of 
pyrene-and fluoranthene, which the avaUable evidence todicates are not carctoogenlc (LARC. 
1983). Totd HPAHs are evduated assumtog they aU have the same potency as 
benzo(a)pyrene. which makes up only 9% of the average concentration d HPAHs. This 
conservative approach is thought to more than compensate for any cocarctoogenic effect of 
PAHs to mixtures (USEPA 19841). 

c. Chromium 

Carctoogenlc risks by inhdation were 10-4 to 10*5 for "worat-case" and "typicd" exposure 
conditions, assuming Ufetime exposure on-site. "Worat-case" and "typicd" risks for workera 
were an order of magnitude less than correspondtog risks for the resldenUd scenario. 
Inhdation risks to offsUe populations are wlthto EPA guldeltoes (10*4 to 10*7). 

d. Cadmium 

Carctoogenlc risks were cdcdated for inhalation of cadmium to dud from the site. The 
risks associated with this metd were on the order of 10*6 or less for aU populaUons and 
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site use scenarios. For workera. the eight-hour maximum concentration to air is four 
ordera of magnitude-lower than the PEL for cadmium. 

e. PCBs " 

Risks for the low and infrequent levels of PCBs detected at the dte ranged from 10*5 to 
10*6 for resldentld site-use and 10*6 to 10*7 for the todustrid dte-use scenario. Levdsof^ 
these compounds sue wlthto state and federd guldeltoes. 

f Nickel 

Like chromium and cadmium, nickel is reported to have carctoogenlc effects primarily by 
I - inhdatlon. Cancer risks for this route of exposure were 10*8 or less for aU site-use and 

exposure scenarios. 

2. Comparison of Carcinogenic Risks Among Exposed Populations 

Under the "typicd" exposure scenario, the Ufettaie cancer risk on site is 10*3 for a 
hypotheticd reddent Uvtog on the site and assuming current soU conditions. The "worat-
case risk Is 10-1 for a hypotheticd todlvidud who resides at the site 24 hours a day for 
76.2 yeara. This cdculation was made assumtog extremely conservative conditions which 
are udUcely to occur to reaUty. Almost all of tills risk Is due to araenlc. With the exception 
of araenlc, the risks are almost aU wlthto EPA guldeltoes for aUowable exposure under 
current conditions. 

By comparison, ff the site were to be developed for light todustty or commerdd use. the 
Ufetime the "typical", risks for workera would be between 10-3 to 10*4. if the site were used 
for heavy todustty. the worat-case Ufetime risk of developing cancer would be 10*^. Table 
IV-C compares the eight-hour maximum levds to air at the site to the occupationd 
exposure limits for the chemicals of concem by the inlialation route (araenic. cadmium, 
chromium, copper, lead, nlckd). All inhalation exposures would be bdow the occupational 
Umits of exposure. 

Cuirent oCEsite risks associated with inhalation of metals to fugitive dust are 10*4 at the 
locaUon of highest Impact on adjacent resldentld or school property at the dte boundaty 
("worat-case"). .This, risk levd is at the upper limit d federd guldeltoes for allowable 
e:q)osure. The cancer risk is about an order of magnitude less (10*5) for an todlvidud who 
lives 0.4 km west d the locaUon d highest Impact and leaves the area for ten houra a day. 
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flve days a week from ages 6 to 76.2 yeara old ("typicd"; Le.. goes to school or work to an 
area of lower concentraUon). 

Deposition of arsenic to fugitive dust off sUe Is estimated to tocrease resldentid soU 
concentrations by 4.7 mg/kg each year at the location of maximum Impact, assumtog no 
loss of araenic from the soU. This amount represents approxlmatdy 1% of tiie geometric 
mean soU concentration and 0.3% of the upper 95% level wlthto a haff a mUe of the site 
(reported by the Endangeiment Assessment; Black and Veatch, 1988). The additiond risk 
from togestion of arsenic deposited ta soU over a Ufetime would be 10*4 at the location of 
maximum Impact off site. At 0.4 km from the westem boundary of the site, annud 
deposition drops off to 0.0028 g/m2/year. The excess risk over a UfeUme at this location 
would be 10*8 for soU tagesUon exposure under "typicd" conditions. 

By comparison, risks calculated for the soU togestion pathway for residents wlthto a half-
mUe of the smelter have been estimated to be 10-2 to 10-3 (Black and Veatch, 1988). 
Although 10-4 represents the upper itailt of EPA guideUnes for dlowable exposure, It Is of 
toterest to note that the tocremental risk to offsite residents due to deposition of araenlc 
from fugitive dust at present onsite soU conditions Is smaU relative to the present risks due 
to offsite soU levels of araenlc. 

B. NON-CARCmOGENIC RISKS 

Tables V-C and V-D list the non-carctoogenic risks for the todlcator chemicals under the 
hypotheticd land use scenarios. Non-carctoogenic risks are presented as a hazard todex 
which Is the ratio between the cdculated dose and the AIC given to Table IV-A Ratios 
exceedtog unity (one) todicate doses that exceed the acceptable level; raUos less than one 
are not expected to cause adverae hedth effects according to current EPA guldeltoes 
(USEPA 1986c). 

1. Comparison of Non-carctoogenic Risks Among Chemicals 

The prlmaty chemicals of. concem for non-carctoogenic effects are lead which exceeds the 
ord AIC by 56 (60) times, and copper and antimony, which exceed their ord AIC by 30 
times under "worst-case" conditions. By comparison, under the "worat-case" todustrid 
site-use scenario, the dose for lead exceeds the AIC by flve times. 
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TABLE V-C 

HAZARD INDICES FOR NON-CARCINOGENIC EFFECTS 
"T7PICAL" EXPOSURE CONDITIONS (DOSE/AIC) 

CHEMICAL 
By Route d Exposure 

HYPOTHETICAL 
ON SHE 

Reddentld todustrid 

CURRENT 
OFFSITE 

Resldentld 

Ond 

Lead 
Antimony 
Copper 
Cadmium 
Mercuty 

4E+00 
9E.01 
8E-01 
6E-01 
3E-01 

lE-01 
4E-02 
4E-02 
3E-02 
lE-02 

Inhalation 

Mercuty 
U a d 
Copper 

5E-01 
lE-01 
5E-03 

lE-01 
2E-02 
lE-03 

lE-01 
lE-02 
4E-04 

Route is not d potentid hedth concem according to best avaUable data (Black and 
Veatch, 1988; USEPA. 1988d. 
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TABLE V-D 

HAZARD INDICES FOR NON-CARCINOGENIC EFFECTS 
"WORST-CASE' EXPOSURE CONDITIONS (DOSE/AIC) 

CHEMICAL 
By Route of Exposure 

HYPOTHETICAL 
ONSITE 

Reddentld todustrid 

CURRENT 
OFFsnr; 

Resldentld 

Oral 

Lead 
Antimony 
Copper 
Cadmium 
Mercuty 

6E+01 
3E+01 

3E+01 

lE+01 

6E+00 

5E+00 
3E+00 

3E+00 

lE+00 

6E-01 

IrUwdation 

Mercuty 
Lead 
Copper 

lE+00 
3E-01 
3E-02 

7E-01 
lE-01 

7E-03 

4E-01 
8E-02 

3E-03 

Route Is not d potentid hedth concem according to best avaUable data (Black and 
Veatch, 1988: USEPA 1988a). '-
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a. Lead 

^ Ingestion, particularly of soU, is the primary route of potentid hedth concern. SoU 
ingestion results to a dose that is an order of magnitude greater than the dose due to 
togestion of vegetables grown at the site. Because lead levels at the site were not 
determtoed to be phylotoxic: however, the totd dose todudes both soU and vegetable 
ingestion pathways (Table V-C and V-D). The non-carctoogenic risk associated with soU 
ingestion is one to two ordera of magnitude greater tiian risks assodated with inhdation. 

Lead levels under "worat-case" and "typicd" exposure assumptions for dte residents would 
result to doses that exceed the AIC by 56 and four times, respectivefy. For workers, the 
ord dose exceeded the AIC by five times for those in heavy todustty (Vorst-case'1. whereas 
the oral dose was below the AIC for those to Ught todustty f'typlcd"). Thus, potentid lead_ 
exposure is not predicted lo be unacceptable for this latter population. 

Exposure to lead by Inhdation of dust is not expected to result to exposure above federal 
and state guideUnes for onsite or offsite populations. The dose Is highest for hypotheticd 
site residents, for whom the "worst-case" dose is a tenth of Uie inhalation AIC. 

b.AnttmoTvy 

togestlon of this metd is associated with the next highest non-carctoogenic risks (dong 
with copper). "Worat-case" doses for the resldenUd scenario are 30 times the AIC. whereas 
"typicd" doses are below the AIC. Risks due to antimony were an order of magnitude lower 
for the todustrid use scenarios. Light todustiy or commercld use of the site is not 
expected to result to unacceptable exposure. 

c Copper 

Levels of copper to dte soils are likely to be phytotoxic. The magnitude of the dose via the 
vegetable togestion pathway is sUnUar to that for soU togestion. The hazard todices 
presented to Tables V-C and V-D todude soU ingestion but not vegetable ingestion, because 
the mean soU concentraUon of copper at the site exceeded the phytotoxldty level (l.OCX) 
ppm). "Typicd" exposure for hypotheticd reddents is associated with a dose below the AIC 
for soU togestion and two Umes the AIC for soU and vegetable togesUon. The hazard todex 
for "worat-case" ingesUon of both soU and vegetables would be 40 times the AIC. 
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Under the todustrid scenario, "worat-case" exposure by soU IngesUon sUghUy exceeds the 
acceptable level of exposure (three times the AIC). "Typicd" todustrid exposure would j 
result to a dose less than the AIC. J 

Inhdation of copper to dust by residents or workera on site or by current offsite residents is | 
not expected to result to unexpected exposure given the results modeled by TRC (1988). ' 
The Inhdation dose for residents is almost two ordera d magnitude below the AIC. As for 
lead, above, "worst-case" and "typical" exposure' assumptions, and hence risks for the most | 
sendtive age group, are the same. 

d. Cadmtum \ 

Eiq)osure via home-grown vegetables Is potentldly the most important pathway of concem 
for cadmium because of the high proportion of pl£uit uptake and accumulation of cadmium j 
from soU. The "worat-case" dose cdculated for vegetable togestion Is flve times the soU 
ingestion dose for the most sensitive age group (zero to one-year-old). However, the upper 
95% level of cadmium to site soUs (256 ppm) Is likely to inhibit vegetable growth for "woret- ' 
case" soU condiUons. Consequently, the hazard todices presented ta Tables V-C and V-D 
do not taclude ingestion of vegetables ta cdculattag the ord dose. The "worat-case" ord 
dose for site residents would be 65 times the AIC Instead of 11 times ff togesUon of 
vegetables were possible at the cadmium levels present at the site. For "typicd" exposure. •, 
the dose for soU togesUon Is below the AIC. The combtoed soU and vegetable IngesUon dose \ 
is eight times the AIC. Although the average cadmium level to soU (67 ppm) Is not as Ukely 
to Inhibit vegetable growth, high concentrations of associated metds to soU. such as / 
araedc. wlU prevent growth of vegetables and additiond exposure to cadmium by this j 
pathway. 

' 1 
Risks to hypothetlcd site residents and offsite populations due to tohdaUon d cadmium 
are 10*6 and below. wlUch is wlthto state and federd guideUnes. 

"Worst-case" exposiue for workera barely exceeded the ord AIC for cadmium. InhalaUon 
risks are 10*6 and less. ] 

1 

) 

e. Mercury 

) 
Of the todlcator chemicals, mercuiy presents the lowest non-carctoogenic risk by ingesUon ^ 
at the sUe, regardless d its possible chemlcd foims. The "typicd" dose Is bdow the AIC for 
toorganlc or orgauiic mercuty to aU exposed populations. The "worat-case" dose for ; 
hypothetlcd site residents Is six times the AIC. Thus, even under the highly unUkely 

87 



I. 

assumpUon that the concentration of mercuiy to soUs at the site is the most toxic form 
i (methylmercuty), the upper-bound risk is no more than six times the aUowable dose under 
' "worat-case" hypotheticd resldentld exposure; "Worst-case" exposure via ingestion for 

hypotheticd workera on site is less than the EPA aUowable dose level 

I 

Average concentrations d mercuty to dte soils were Judged to be phytotoxic for vegetables 
, (greater than 50 ppm). ff vegetables could be grown at the site, the vegetable ingestion dose 
i would be about twice that via soU togestion. 

( Exposure via Inhdation d merciuy to fugitive dust was conservative assessed using an AIC 
j that is based on merciuy vapor, the more toxic form is likdy to be to dust. Using this 

criterion, exposure to merciuy by this pathway Is not experted to result to adverae effects 
( under "worat-case" assumptions for any of the populaUons. 

2. Potentid Additive Effects of Metds 
i 
' Chronic exposure to lead, cadmium, and merciuy has the potentid to result to adverse 

effects on similar target org£uis, posslbfy by similar mechanism. AU three mrtds have 
i SimUar effects on the kidney. In addition, lead and merciuy both have centrd nervous 

system effects. To be conservative, non-carctoogenic risks d these metals are added 
( according to EPA guideUnes (USEPA 1986c). 

Because non-carctoogenic risks for mercuiy and cadmium are lower than for lead, the totd 
f metals risk of these chemicds is similar to that of lead done for "typicd" soU togestion 
' exposure. Totd risk and the risk d lead done are each four times the EPA aUowable dose 

levd for hypotheticd residents and ten times less than the allowable dose for the todustrid 
j workera. [Note: cdculations using vdues to Table V-C may differ sUghtfy due to round-off 

error.) Under "worst-case" exposure assumptions, however, the totd risk is 70 times the 
aUowable dose, whereas lead done is 60 times. The totd "worst-case" risk d the three 

I metals for the industrid scenario is seven times the aUowable dose, whereas the risk d 
lead done is five times the aUowable dose. 

I Lead and mercuiy both have the potentid for simUar target organ effects by Inhalation. 
The addition d lead and merciuy risks to estimate posdble additive effects d these metals 

( would resdt to a combtoed hazard todex (estimated dose/aUowable dose) that would 
(. exceed unity by less than two times under "worat-case" exposure assumptions for 

hypotheticd dte reddents. The combtoed hazard todex would not exceed unity for the 
j other scenarios or for any d the scenarios under "typicd" exposure assumptions. 

( " " • 

( 
L 
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3. Comparison of Non-carctoogenic Risks Among Exposed Populations , 
J 

The zero to one-year-old age group of onsite residents would be at greatest risk for adverae 
non-carctoogenic effects. Although this age group has lower ingestion and Inhalation rates ) 
than the one to six-year-old group, the much smaUer body weight of the younger group Ĵ 
results to a higher dose for infants. Non-carctoogenic risks are about ten times greater for 
resldentld as opposed to todustrial uses of the site. | 

Under "typicd" exposure assumptions for hypotheUcd chUdren resldtog at the site, ody 
lead exceeded the acceptable dose level for chronic exposure (AIC). Under "worat-case" 
exposure assumptions for hypothetlcd site residents. aU chemicals examtoed (antimony. 
cadmium, copper. lead) resulted to doses by togestion that exceed their AIC by 10 to 60 
times. Based on the sampltog and modeUng results. IngesUon presents the highest risks | 
for resldentid and todustrid site-uses. 

i 
Non-carctoogenic risks for offsite residents were considered for Inhdatlon of metds to ) 
fuglUve dust. None of the todlcator chemicals with an inlidaUon AIC (lead, copper, and 
mercuiy) exceeded their criterion for non-carctoogenic risks. ] 

I 
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VI. SUMMARY AND CONCLUSIONS 

Metals, todudtog antimony, araenic. cadmium, chromium, copper, lead, mercuty, and 
nickel, are the most prevdent chemicds of concem at the site. A few organic chemicals of 
concem were dso detected to some locations, dthough they are distributed to infrequent 
"hot-spots". 

The major determinant of carctoogenlc risks for the site is araenic, prlmarify via ingesUon, 
assumtog no remediation of the soU levels. Risks are highest for the hypothetical 
residential use scenario (10*1 to 10*3) and about an order of magnitude lower for todustrid 
use of the site. 

Risks to offsite residents due to inhalation of carctoogenlc metds to fuglUve dust are 
approximatefy 10*4 to 10*5 for "worst-case" to "typical" exposure. Based on "worat-case" 
cdculations. deposition of arsenic to fugitive dust Is not expected to tocrease the Ufetlme 
risk to offsite residents measurably above current risks cdculated for soU ingestion. Offsite,-
risks due to ingestion of arsenic to soU have been estimated to be approximately 10*2 to: 
10*3 (Black and Veatch. 1988). 

• • < t ' 

Despite this relatively high risk (one-to-a-hundred to one-to-a-thousand). epldemiologicdf 
studies of the suiroundtog community have not shown statisticdiy slgnfflcant tocreases in} 
morbidity or mortaUty relative to the generd population (summarized by Black and Veatch;: 
1988). Because skto cancer or precancerous dermatologlcd effects have not been studied, 
to the surroundtog community, the skto cancer risk due to ingestion of araenic cannot be 
evduated at this time. Epidemlologlcd studies of lung cancer mortaUty have not shown: 
any statisticaUy slgnfflcant tocreases due to inhalation of araedc. The cancer risks 
estimated by risk assessment, however, are risks of developing cancer but not necessarily 
dying. Ftoalfy. because few people are likely to fit the conservative exposure assumptions 
used to risk assessment (e.g.. conttouous Ufetlme exposure). Uie risk estimates are Ukely to 
overestimate actud risks for most reddents near the site. 

The major non-carctoogenic risk is ingestion of lead. Under "typicd" exposure conditions, 
non-carctoogenic risks exceed acceptable levels malnfy for hypotheticd ondte reddents 
exposed to lead. Secondarify. copper and antimony are dso of concem under "worat-case" 
exposure assumpUons. Assumtag that chUdren are Uvtog at the dte with present soU 
conditions, ingestion of lead to soU is conservatively estimated to result to a dose that is 
almost 60 times the "acceptable" dose under "worat-case" conditions and four times the 
"acceptable" dose imder "typicd" conditions. 
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By comparison, exposure for workera at the dte would result to a "worat-case" dose for lead 
of five times the AIC. Non-carctoogenic risks via inhdation of lead, mercuiy. or copper by 
ondte or ofiGslte populations are not expected to exceed state and federd guldeltoes for -' 
allowable exposure. 

These estimates of risks for exposure to lead at the site arc probabfy conservative given the 
lack d evidence that increased lead to soils has resulted ta tocreased blood lead levels ta 
chUdren livtog near the dte. Blood lead levels d school chUdren Uvtog wlthto a mUe of the ', 
smdter apparentiy were not elevated by the tocreased soU lead levels to this area (average = 
1300 ppm: Glass. 1984). A conservative approach Is Justified, however, given the higher ] 
lead soU concentrations on site (average = 3,800 ppm) and the growing evidence todicating .'; 
adverse effects to chUdren at lower blood lead levels than prevlousty beUeved to be sde 
(USEPA 1988b). 

Estimates of combtoed risks for lead, cadmium, and mercuiy were performed as 
recommended by USEPA (1986c) for chemicds with similar toxic mechanisms. Although It 
is not certato that these metals act l>y completefy similar mechanisms, their additive efferts 
were conservatlvefy assessed because they potentiaUy affect similar target organs, to | 
generd. the risks via togesUon of cadmium and mercuty are small rdative to those of lead. j 
As a result, the totd risk is similar to that d lead, increastog sUghtfy (1.2 to 1.4 times) 
prlmarify under "worat-case" assumptions. By inhdatlon. additive effects of mercuty and ) 
lead are of concem. "Worat-case" exposure to mercuty and lead exceeds the aUowable dose i 
levd by less than two times for the most conservative site use (hypotheticd resldentid). 
Thus, the additive effects these three metds are small relative to the risk d certato '> 
todlvidud metds. •' 

to condusion, "typicd" risks are ten times less than "worst-case" risks for hypotheticd i 
resldentid or todustrid uses of the site. Resldentid use d the site would require reduction 
of prlmarify araenlc and secondarUy lead and HPAHs. The other tadicator chemicds are 
wlthto aUowable EPA guldeltoes for "typicd" exposure conditions, todustrid use d the dte | 
WlU require reduction of mainly araenic levels. Levels d other chemicds are wlthto EPA 
guidelines for "worat-case" carctoogenlc risks and "typicd" non-carcinogenic risks. | 

Because many of these chemicals occur dong with arsenic to soU, reduction to araenlc 
levels at the site should reduce exposure to the other chemicals as weU. Worat-case offsite \ 
araenic levels on resldentid areas are wlthto the 10*4 to 10*7 range d target risk •> 
recommended by the EPA Although at 10*4 this level may not be suffldentfy protective of 
sensitive populations, few residents are likdy to match the conservative exposure ' 
assumptions used for worst-case exposure. Worat-case offisite deposition of arsenic to ' 
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fugitive dust poses a vety smaU tocrease to soU concentration and risk relative to the 
existing levds off site. 

These conclusions are based on conservative assumptions with regard to acceptable public 
hedth exposures as outltoed by state and federd guidelines. — 

L_ 
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APPENDIX A 

INDICATOR CHEMICAL SELECTION 

This appendix provides additiond detaUs behtod the screening for indicator chemicals, 
tocluding the cdculations and toxicity criteria used to evduate the chemicds sampled at 
the site. The firat section (A) discusses how chemicds that lacked speciflc EPA toxlrtty 
criteria were evduated. Many of these chemicals could be evduated conservatively with 
criteria of other chemicds with simUar structure and greater toxicity. Chemicds that could 
not be evduted by the screentog because of lack of information are listed at the end of this 
flrat section. 

The second section (B) presents equations, mean concentrations, cdculations and results 
of the todlcator chemlcd selection process. This section presents the different routes and 
effects evduated to the foUowtog order (1) Non-carctoogenic via soU ingestion. (2) 
carctaogenic effects via soU tagestion. and (3) carctoogenlc effects of metds via dust 
inhdation. The complete rationale behtod the todlcator chemlcd process as weU as the 
results are discussed to the text of Section U. on Hazard Identiflcation. •••: 

A EVALUATION OF CHEMICALS LACKING SPECIFIC EPA TOXICITT CRITERIA 
Si 

1. Chemicals Assessed vdth Altemative Criteria ^ :! 

Certato chemicals with limited toxicity information could be grouped together based on 
SimUar molecular structure to order to assess their toxicity. Mean soU concentrations for 
chemicds to each todlvidud group were totded. Each group was then evduated with an 
EPA criterion from a chemlcd with that particular structure. Haff the detection limit was 
used for chemicals that were not detected. These chemicds are denoted by a "*". 

Chemied Average Concentration (mg/kgl 

Evduated risks of phenols using 1.98x10*2 (mg/kg/day)* 1 for 2,4,6 trichlorophenol 
(USEPA 1986c). 

2,4-Dtaaethylphend 0.203' 
4-Nitrophenol 0.200* 
4-Chton>-3-Methylphenol 0.203* 
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Chemlcd Average Concentration (mg/kg) 

j 
PHENOLS (continued) -
2-MethyIphenol 0.203* ' i 
4-MethyIphenoI 0.203* ] 
2-Nitrophenol 0.203* 
2-Methyl-4,6-Dtoiti^phenol 0.990* j 

2.20S- J 

PHTHAIATES j 
Evduated ustog bis (2-ethyUiexyI) phthdate potency factor of 6.84x10*4 (mg/kg/day)* 1 
(USEPA, 1986c). 

( 

Butylbenzylphthalate 0.203 
Dl-N-Butylphthalate 0.203* I 
Di-N-OctylphUidate 0.203* i 

0.609 

CHLOROBENZENES ) 
Evduated using potency factor of 1.7 (mg/kg/day)*^ (USEPA 1985g). 

1,2-Dlchlorobenzene 0.203* 
1,3-DlchIorobeiizene 0.203* , 
1,4-Dichlorobenzene 0.203* 

0.609 

2.6-Dn^ITROTOLUENE ;, 
Evduated as 2,4-DNT ustog USEPA (1986c) potency factor 0.31 (mg/kg/day)* 1. 

1 

Evduated as polychlortoated biphenyl using potency fartor d 4.34 (mg/kg/day)* 1 (USEPA 
1986b). I 

POLYCYCLIC AROMATIC HYDROCARBONS fPAHSl 
PAHs were evduated by summing mean concentrations d the hlgh-molecular-welght PAHs 
(HPAHs) and assuming that the totd was 100% benzo(a)pyrene, one d the most 
carctoogenlc PAHs. Upper 95 percentUe levels were also summed ta cdculattog worst-case 
exposure concentrations for HPAHs. PAHs havtog three aromatic rings or less are low- ..\ 
molecular-wdght PAHs (LPAHs), which tend to be less carctoogenlc. 
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POLYCYCLIC AROMATIC HYDROCARBONS (PAHS) (continued) 

Chemlcd 

HPAHs 
Benzola]anthracene 
Benzolalpyrene 
Benzo[b]fluoranthene 
Benzo(g.h.i|petylene 
Benzolklfluoranthene 
Chrysene 
Dlbenzola.hlanthracene 
Fluoanthene 
todenoll.2.3-cd)pyrene 
Pyrene 

LPAHs 
Methylphenanthrene 
Acenaphthylene 
Anthracene 
2-Chloronaphthdene 
Fluorene 
2-Methyliiaphthdene 
Naphthdene 
Phenanthrene 

Mean (opm) 

4.44 
3.59 
4.81 

. 2.04 
0.25 
4.85 
0.52 
8.42 
1.72 

10.96 
41.60 

0.61 
0.25 
1.86 
0.20* 
1.42 
1.08 
2.06 
9.57 

17.0S 

UDoer 95% (ooml 

32.64 
23.28 
24.31 
14.53 
0.96 

34.59 
1.30 

55.63 
12.14 

86,20 
285.58 

2. Chemicals Without Quantitative Data 

Chemicals that lacked EPA toxicity criteria and could not be evduated by the todlcator 
chemlcd screen are listed bdow dong with their mean soU concentrations or haff thefr 
detection limit. Those to this catagoty that were detected at the dte were evduated 
quaUtativdy to the Indicator chemlcd sdection (Section fl) and the toodrtty assessment 
(Section IV) 
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2. Chemicals Without Quantitative Data (conttoued) 

Chemical Average Concentration (mg/kg) 

Detected 
Dibenzothiophene 
Dibenzduran 
m-NltroaniUne 

0.406 (detected to 13%) 
0.543 (detected to 18%) 
1.239 (detected to 3%) 

Not Pgtected 
l-Methyl (2-methylethyl) benzene 
Benzyl Alcohol 
Bis (2-chloroethoxy) methane 
Bis (2-chlorolsopropyI) ether 
4-BromophenyI-phenyl ether 
4-Chloroanlltoe 
2-Chloronapthdene 
4-ChlorophenyI-phenyl ether 
3,3-Dlchlorobenzidtoe 
Hexachlorocyclopentadiene 
2-Nitroaniltoe 
4-Nltroaniltoe 

0.388 
0.203 
0.203 
0.203 
0.203 
0.203 
0.203 
0.203 
0.393 
0.203 
1.008 
1.008 
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B. INDICATOR CHEMICAL SCREEN—INGESTION ROUTE 

1. Non-Carcinogenic Effeds by Soil Ingestion 

Equations: 
Caiculaled Dose-Typical» 1/BW• SIR TV* SO * CF 
Calculded Dose-High - 1/BW * SIR HI * 80 * CF 

where 
Body Weight (0-1 year old child) 
Soil Ingestion Rate (worst-case) 
Soil Ingestton Rate (typical) 
Soil Concentration 
Conversion Factor 

Chemical 

Metals 
< • • ' • : • • • : • : • : • • ; • : • : • : • : • • • : • : • : • : - : • : • • • : • : ' • • • • : • : • : • : . : • > mmmm 
Barium 
wmmm 
Chromium VI 
^opper-mwi 

MiMmm 
i e r c u o S i i 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

Organics" 
AC01 
AC02* 
AC03' 
AC06 
AC12 
AC13 
AC14 
AC15* 
AC18* 
BNOS 
BN13* 
BN15 
BN18* 
BN28* 
BNsr 
BN38* 
BN39* 

Mean Soil 
Concentration 

(mg/kg) 

• : • : • : • • • : - : - : - ^ : • y •> • • : • : ^ ^ • i ^ • ^ • • ^ • • • i : • : ' ' • ^ ^ ^ : ' ^> : - : - -mmmmm 
2.44E-«-02 

5.90E+bl 
•^ : • r • r • ' • ^ • •^ : : :•; ••••: : ; : • • ; : - i ; - :•• : v • • • • > • > v - - . : . - . v . 

iif3.81£+()3::'^:|| 

I l l l i l E+oiiii 
8.33E+01 
6.40E+01 
6.84E+01 
8.10E+00 
1.59E+03 

1.04E+00 
2.03E-01 
2.03E-01 
9.90E-01 
9.90E-01 
1.96E-01 
1.01E+00 
2.03E-01 
3.92E-01 
1.51E+00 
2.03E-01 
2.12F-01 
^03E-01 
2.03E-01 
2.03E-01 
2.03E-01 
2.03E-01 

AIC 
(mg/kg/day) 

f ^ f ^ ' • •A-.-.-. ' . ' . ' . ' . ' . ' . ' .W.'. ' .•.• ".•.".• 

4.00E-04 
5.10E-()2 
2.90E-04 
5.00E-03 

tm^M-m 
ii:4bEr03^::: 
li.OOE-M:! 

2.b0E-02 
3.00E-03 
3.00E-03 
4.00E-04 
2.10E-01 

4.00E+00 
5.00E-03 
3.00E-03 
2.00E-03 
3.00E-02 
1.00E-01 
1.00E-01 
1.98E-02 
2.00E-03 
2.00E-03 
1.10E+00 
2.00E-02 
4.00E-03 
1.30E+01 
8.00E-04 
2.00E-03 
7.00E.03 

BW 
SIR HI 
SIRTY 
SC 
CF 

10 kg; USEPA (1986c) 
500 mg/day; La Goy (1987) 
100 mg/day; La Goy (1987) 

mg/Kg 
1.00E-06 

Calculated Dose 
Worst-Case 
(mg/kg/day) 

v . s v - ' • •.•.•.•.•.•.•.^i-i^^•.•.v,•.^v^^w.•.^w^.v^ft 

1.22E-02 
WmmMMm 

2.95E-03 
lf5:84E-6l.v;l 
?;:;iv:;-:l:ibE-6t;::s:-;:̂  

ii;3.95i.D3i| 
4.17E-03 
3.20E-03 
3.42E-03 
4.05E-04 
7.93E-02 

5.22E-05 
1.02E-05 
1.02E-05 
4.95E-05 
4.95E-05 
9.80E-06 
5.04E-05 
1.02E-05 
1.96E-05 
7.54E-05 
1.02E-05 
1.06E-05 
1.02E-05 
1.02F-05 
1.02E-05 
1.02E-05 
1.02E-05 

Typical 
(mg/kg/day) 

isisi.agE'Oaiji 
"̂  2.44E-63 " 
im69Ei4i i 

5.90E-64 

WMiiMm 
W^ZTEMM. 
Wm^Mm 

8.33E-04 
6.40E-04 
6.84E-04 
8.10E-05 
1.59E-02 

1.04E-05 
2.03E-06 
2.03E-06 
9.90E-06 
9.90E-06 
1.96E-06 
1.01 E-05 
2.03E-06 
3.92E-06 
1.51 E-05 
2.03E-06 
Z12E-06 
2.03E-06 
2.03E-06 
2.03E-06 
2.03E-06 
2.03E-06 

Hazard Index 
Word-Case 
(dose/AIC) 

V*>^***.M*.•^,«l•,V.•*«iV.•.M.-A^•.•.•.•.-.•.V•• 

.-.-.X-.-. -.•:•:• • : . x- . - . - .vy 

2.3gE-01 

5.90E-01 
i iLSsPbi-i 
m^M^^w. 
ii98ElM,;| 

2.08E-01 
1.07E+00 . 
1.14E+00 
1.01 E+00 
3.77E-01 

1.30E-05 
2.03E-03 
3.38E-03 
2.48E-02 
1.65E-03 
9.80E-05 
5.04E-04 
5.13E-04 
9.79E-03 
3.77E-02 
9.23E-06 
5.30E-04 
2.54E-03 
7.81 E-07 
1.27E-02 
5.08E-03 
1.45E-03 

Typical 
(dose/AIC) 

io3;46E+00;-3 
4.78E-02 

l2;3'iPdali-
i.18E-6i 

i3:i6E+00l 
iS.^E*6l:ii 
i i|5E-;6ii. 

4.17E-02 
2.13E-01 
2.28E-01 
2.03E-01 
7.55E-02 

2.61 E-06 
4.06E-04 
6.77t-04 
4.95E-03 
3.30E-04 
1.96E-05 
1.01 E-04 
1.03E-04 
1.96E-03 
7.54E-03 
1.85E-06 
1.06E-04 
5.08E-04 
1.56E-07 
2.54E-03 
1.02E-03 
2.gOE-04 
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1. Non-Carcinogenic Effects by Soil Ingedlon (cont.) 

Chemical 

BN42 
BN48* 
BN54* 
Phthaiates* 

Mean Sol! 
Concentration 

Calculated Dose 
AIC Worst-Case Typical 

Hazard Index 
Worst-Case Typical 

(mg/kg) (mg/kg/day) (mg/kg/day) (mg/kg/day) (dose/AIC) (dose/AIC) 

2.09E-01 
2.03E-01 
2.03E-01 
8.37E-01 

1.50E-01 
5.00E-04 
2.00E-02 
2.00E-02 

1.05E-05 
1.02E-05 
1.02E-05 
4.19E-05 

2.09E-06 
2.03E-06 
2.03E-06 
8.37E-06 

6.97E-05 
2.03E-02 
5.08E-04 
^09E-03 

1.39E-05 
4.06E-03 
1.02E.04 
4.19E-04 

*not deterted in any sample 
"see key in the following sertion for names of the chemicals 
Shading: The HAZARD INDEX is the ratio between the dose and the AIC. If this number 
exceeds one, the dose exceeds the AIC and the chemical is selected as an indicator chemical 

2. Carcinogenic Effects by Soil Ingestion 

Equations: 
Worst-Case Dose - SIR * SC * 1/BW * CF 
Worst-Case Risk « Dose * Potency Stope 

where: 
Ufetime Soil Ingestion Rate 
Soil Concentration 
Body Weight 
Conversion Fartor 

Mean Soli 
Chemical Concentration 

(mg/kg) 

Metals 

lililliliBlllii 
Organic 
AC15* 2.03E-01 
AC16 3.92E-01 
BN03* 2.03E-01 

iNoliiipaiiiitiilii 
BN13* 2.63E-6i 
BN15 2.12E-01 
BNSr 2.03E-01 

EPA 
Potency 

Slope 
(1/mg/kg/d) 

•ilHl 
1.98E-02 
4.34E-t-00 
5.70E-03 

SIR 
SC 
BW 
CF 

Dose 
(mg/kg/d) 

ii|2i9ii)2i 

5.80E-07 
1.12E-06 
5.80E-07 

m$mmmmmmm 
I.IOE+bo 
6.84E-04 
3.10E-01 

5.80E-07 
6.06E-07 
5.80E-07 

200 mg/day- (Sec 
mg/Kg 

70 kg; USEPA (1986c) 
1.00E-06 Kg/mg 

-
Risk 

iiiliiiifi 

1.15E-08 
4.86E-06 
3.31 E-09 

»'>;<">^;-:'>^>i •;•:•'.•:•:•>!•> •'••••''^ . v . - . - v - v x 

1 .V. . . . - .'. . . . . . . . - . .- . . . . . . . ' . .v i . . . 

6.38E-07 
4.14E-10 
1.80E-07 . 
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2. Carcinogenic Effects by Soil Ingestion (cont.) 

Chemical 

BN32 
BN38* 
BN39* 

BN50' 

ipliiiii Phthaiaies* ' 
DCB* 
Phenols* 

Mean Soil 
Concentration 

(mg/kg) 
2.14E-01 
2.03E-01 
2.03E-01 

ili&:i9i^5i!!i! 
i i i lHsElbi l i 

2.63E-61 
,:v.r,::-.;:'.::- -. •- • : : • •.-.•.•^.KV.-.-J-.V 

liii^.4o&piii 6.09E-01 
6.09E-01 
2.21E-«-00 

EPA 
Potency 
Slope 

(1/mg/kg/d) 
3.10E-01 
7.75E-03 
1.00E-03 

l iMElo i j l 
iillEibiii 

7.b6E+o6 
iisl0E.:^{)i::ii 

6.84E-04 
1.70E+00 
1.98E-02 

Dose 
(mg/kg/d) 
•5.11 E-07 
5.80E-07 
5.80E-07 

;Si::j2-34E-0B:i:a;j::; 

iiiisfe-b^sl 
5.8OE-67 

i:|S.86E-p7::;;.gi: 
1.74E-06 
1.74E-06 
6.31 E-06 

Risk 

1.90E-07 
4.50E-09 . 
5.80E-10 

iMiisB 
iiSM::i 

4.66E-06 

iisoiisii 
1.19E.69 
2.96E-06 
1.25E-07 

* • not deterted 
** See Section 11 on development of this assumption 
DCB « Dichlorobenzenes 
Shading denotes risk exceeding 1E-06 

3. Carcinogenic Efferts by Inhalation On Site 

< ^ ^ c^e^ 

Equations: 
Risk - (IR * Ambient Concentration * CF/BW)* Polency Slope 

where: 
inhalation rate IR 20 m3/day; 
Body weight BW 70 kg; 
Conversion fartor 0.001 mg/ug 

USEPA (1986c) 
USEPA (1986c) 

Chemical 

| 5adm| i p | | i i | 
llhroiniumM;!! 

Annual 
Ambient 
Concent. 
(ug/m3) 

24 Hour 
Ambient 
Concent. 

Potency 
Slope 

(ug/m3) 

iliS^lMiiiiioiPSi 

;:iil:73ii|ili4iiJpi#ii 
BMiii^liSliii 

Risk 
Annual 

l i:89Eieii 
ilME^psii 

Risk 
24-Hour 

iiligtiicilii 

ittbiiiiii 

Shading indicates chemicals that exceed 1 E-06 risk. 
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KEY TO SAMPLE CODES FOR ORGANIC CHEMICALS 

ACOl 
AC02 
AC03 
AC04 
AC06 
AC07 
AC08 
AC09 
AC 10 
ACl l 
AC12 
AC 13 
AC14 
AC 15 
AC 16 
AC17 
AC 18 
ACig 
AC20 

BNOl 
BN02 
BN03 
BN04 
BN05 
BN06 
BN07 
BNOS 
BN09 
BNIO 
BNl l 
BN12 

BN13 
BN14 
BNIS 
BN16 
BN17 

BN18 

Benzoic Add 
2-Chlorophenol 
2.4-DichlorophenoI 
2.4-Dlmethylphend 
2.4-Dinltrophenol 
2-Methylphenol 
4-Methylphenol 
2-Nitrophenol 
4-Nltrophenol 
4-Chloro-3-methylphenol 
Pentachlorophenol 
Phenol 
2,4.5-Trlchlorophenol 
2.4.6-TrlchIorophenoI 
Biphenyls 
Dibenzothiophene 
Dimethylanlltoe 
Methylphenanthrene 
l-Methyl (2-methylethyI) benzene 

Acenaphthene 
Acenaphthylene 
AnUtoe 
Anthracene 
Benzldtoe 
Benzo[a|anthracene 
Benzo(aJpyrene 
Benzo[b]fluoranthene 
Benzo[g.h,i]petylene 
Benzolklfluoranthene 
Benzyl Alcohol 
bis (2-chloroethQxy) methane 

bis (2-chloroethyl) ether 
bis (2-chlorolsopropyl) ether 
bis (2-ethyUiexyl) phthdate 
4-Bromophenyl-phenyl ether 
Butyl benzyl phthalate 
4-Chloroaniltoe 
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KET TO SAMPLE CODES FOR ORGANIC CHEMICALS (Continued) 

BN19 2-Chloronaphthdene 
BN20 4-ChIorophenyl-phenyl ether 
BN21 Chrysene 
BN22 Dibenzo|a.h|anthracene 
BN23 Dibenzofuran 
BN24 1,2-Dichlorobenzene 
BN25 1,3-Dichlorobenzene 
BN26 1.4-DlchIorobenzene 
BN27 3,3-Dichlorobenzldtoe 
BN28 DieUiyl phthalate 
BN29 Dimetiiyl phtiidate 
BN30 Di-n-butyl phthalate 
BN31 2.4-DUiiti-otoluene 
BN32 2.6-Dlnltrotduene 
BN33 Dl-n-octyl phUialate 
BN35 Fluoranthene 
BN36 Fluorene 
BN37 Hexachlorobenzene 
BN38 HexachlorobutacUene 
BN39 HexachlorocydopentacUene 
BN40 Hexachloroethane 
BN41 todenol 1.2.3-cdIpyrene 
BN42 Isophorone 
BN43 2-MeUiylnaphthdene 
BN44 Naphthdene 
BN45 2-NitroanUtoe 
BN46 3-NltroaniUne (or m-nitroanUtoe) 
BN47 4-NltroanUtoe 
BN48 Nitrobenzene 
BN49 N-Nltrosodlmethylamlne 
BN50 N-Nitrosodipropylamlne 
BN51 N-Nitrosodlpheitylaintoe 
BN52 Phenanthrene 
BN53 Pyrene 
BN54 1.2.4-Trlchlorobenzene 
BN55 2-methyl-4.6-dinltirophenol 
BN56 PCBs 
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EXPOSURE ASSESSMENT FOR ARSENIC 

Assumptions and Parameters 
6oil concentration-worst-case SCw 7.04E-t-01 mg/g 7.04E-t-04 
soil concentration-typical SCt 9.78E+00 mg/g 9.78E+03 
ambient air-worst-case AW 2.68E-04 mg/m3 2.68E-01 
ambient air-typical AT 1.40E-04 mg/m3 1.40E-01 
ambient air off site high AOW 8.00E-05 mg/m3 8.00E-02 
ambient air off site typical AOT 1.10E-05 mg/m3 
ingestion absorption ING 4.00E-01 ratio 
dermal absorption DER O.OOE-fOO ratio 
inhalation absorption INH 3.00E-01 ratio 
plant uptake leafy PL 2.60E-03 gsoit/g plant 
plant uptake root PR 6.00E-04 gsoii/g plant 

ppm 
ppm 
ug/m3 
ug/m3 
ug/m3 

Potency Slope for ARSENIC 
oral(PSO) 1.65E+00 kg-day/mg 
inhal(PSI) 5.00E+01 kg-day/mg 

CORRECTION FACTORS FOR SCENARIOS (CF) 
On-Site On-Site 

Residential industrial 
OH-Site 

Residentiai 
- • [ . ' ; 

Inhalation 
worst-case adult* 

typical adult* 
-child 

Soil Ingest-adult 
-child 

Veg ingest-adult 
-child 

Dermal-adult 
-child 

CFRIAW 
CFRIAT 

CFRIC 

CFRSA 
CFRSC 

CFRVA 
CFRVC 

CFRDA 
CFRDC 

1 
0.7 
1 

0.5 
0.5 

1 
1 

0.5 
0.5 

'Includes ages 6-76.2 years old 

CFliA 

CFIIC 

CFISA 
CFISC 

CFIVA 
CFIVC 

CFIDA 
CFIDC 

0.71 

0 

0.36 
0 

0 
0 

0.36 
0 

CFOiAW 
CFOIAT 
CFOIC 

CFOSA 
CFOSC 

CFOVA 
CFOVC 

CFODA 
CFODC 

1 
0.7 
1 

0 
0 

0 
0 

0 
0 

;-^< 
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INTAKE RATES 

Age 

0-1 
1-6 
6-11 

11-76.2 
nght industrial 

heavy industrial 

Body 
weight 

kg 
(BW) 

10 
15 
30 
70 
70 
70 

Soil Ingestion 
(typical) 
g/day 
(SIR) 
0.05 
0.1 
0.05 
0.025 
0.025 

Soil Ingestion 
(worst-case) 

g/day 
(SIM) 
0.25 
0.5 
0.25 
0.1 

0.25 

Inhalation 
rate 

m3/day 
(IR) 
5 

7.5 
12 
20 

8.25 
25.75 

Dermal 
contact 
g/day 
(CON) 

0 
10 
1 

0.1 
0.1 
0.65 

HOME-GROWN VEGETABLE INTAKE (g/day) 
Leafy (ViL) Root (VIR) 

0 - 1 0.50 0.53 
1-6 0.29 0.44 
6-11 0.51 0.77 
11-76.2 1.44 1.04 

Rates are worst-case 
Typical rates are hail these values 

EQUATIONS 
EQ1=SI*SC*ING*CF/BW 
EQ 2 - 1(VIL*PL) + (VIR*PR)]*SC*CF/BW 
EG 3- IR*AC*INH*CF/BW 
EQ 4 - CON*SC*SF*DER*CF/BW 

Ave lifetime dose»[Sum(dose*time period)}/li(etime 
EQ 5" PS'Ave lifetime dose 
EQ 6 - sum of risks 

CALCULATIONS FOR ONSITE RESIDENTIAL SCENARIO 
Worst-Case Exposure 

Age 

Years 

0-1 
1-6 
6-11 
11-76.2 
Ave lifetime dose 
risk(EQ5) 

Soil Ingestion 
Dose 

mg/kg day 
(EQ1) 

3.52E-01 
4.69E-01 
1.17E-01 
2.01 E-02 
6.03E-02 

1E-01 

Vegetable 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

1.14E-02 
4.78E-03 
4.20E-03 
4.39E-03 
4.50E-03 

7E-03 

Inhaled 
Paniculate 

Dose 
mg/kg day 

(EQ3) 

4.02E-05 
4.02E-05 
3.22E-05 
2.30E-05 
Z49E-05 

1E-03 

Dermal 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+00 
O.OOE+00 
O.OOE+00 

• O.OOE+00 
O.OOE+00 

OE+00 
total risk (EQ 6)= 1E-01 risk (no veg)" 1E-01 
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Typical Exposure 

Age 

Years 

0-1 
1-6 
6-11 
11-76.2 
Ave Lifetime dose 
risk (EOS) 

Soil Ingestion 
Dose 

mg/kg day 
(EQ1) 

9.78E-03 
1.30E-02 
3.26E-03 
6.98E-04 
1.79E-03 

3E-03 

Vegetable 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

7.91 E-04 
3.32E-04 
2.91 E-04 
3.05E-04 
3.12E-04 

SE-04 

Inhaled 
Particulate 

Dose 
mg/kg day 

{EQ3) 

2.10E-05 
2.10E-05 
1.18E-05 
8.40E-06 
9.61 E-06 

SE-04 

Demial 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+00 
O.OOE+00 
O.OOE+00 
O.OOE+00 
O.OOE+00 

OE+00 
total risk (EQ 7)" 4E-03 risk (no veg)' 3E-03 

CALCULATIONS FOR ONSITE INDUSTRIAL SCENARIO 

Heavy Industrial 

Age 

Years 

20-60 
Ave lifetime dose 
risk (EQ 5) 

Ught Industrial 

Age 

Years 

20-60 
Ave lifetime dose 
risk(EQS) 

Soil Ingestion 
Dose 

mg/kg day 
(EQ1) 

3.62E-02 
1.90E-02 
3E-02 

Soil Ingestion 
Dose 

mg/kg day 
(EQ1) 

5.03E-04 
Z64E-04 

4E-04 

Vegetable 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

O.OOE+00 
O.OOE+00 

OE+00 

Vegetable 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

O.OOE+00 
O.OOE+00 

OE+00 

Inhaled 
Particulate 

Dose 
mg/kg day 

(EQ3) 

2.10E-05 
1.10E-05 

6E-04 
total risk (EQ 6)" 

Inhaled 
Paniculate 

Dose 
mg/kg day 

(EQ3) 

3.51 E-06 
1.B4E-06 
9E-0S 

total risk (EQ 6)m 

Dermal 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+00 
O.OOE+00 

OE+00 
3E-02 

Dermal 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+00 
O.OOE+00 

OE+00 
SE-04 
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CALCULATIONS FOR OFFSITE RESIDENTIAL SCENARIO 

Worst-Case Exposure 

Age 

Years 

0-1 
1-6 
6-11 
11-76.2 
Ave lifetime dose 
risk(EQ5) 

Soil Ingestion 
Dose 

mg/kg day 
(EQ1) 

O.OOE+00 
O.OOE+00 
O.OOE+00 
O.OOE+00 
O.OOE+00 

OE+00 
• 

Vegetable 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

O.OOE+OO 
O.OOE+OO 
0.0(JE+00 
O.OOE+OO 
O.OOE+OO 

OE+00 

Inhaled 
Particulate 

Dose 
mg/kg day 

(EQ3) 

1.20E-05 
1.20E-05 
9.60E-06 
6.86E-06 
7.44E-06 

4E-04 
total risk (EQ 6 ) ' 

CALCULATIONS FOR OFFSITE RESIDENTIAL SCENARIO 
Typical Exposure 

Age 

Years 

0-1 
1-6 
6 - 1 1 
11 -76 .2 
Ave lifetime dose 
risk (EQ S) 

Soil Ingestion 
Dose 

mg/kg day 
(EQ1) 

O.OOE+00 
O.OOE+00 
O.OOE+00 
O.OOE+OO 
O.OOE+QO 

OE+00 

Vegetable 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

O.OOE+00 
O.OOE+OO 
O.OOE+00 
O.OOE+OO 
O.OQE+00 

OE+00 

Inhaled 
. Particulate 

Dose 
mg/kg day 

(EQ3) 

1.65E-06 
1.65E-06 
9.24E-07 
6.60E-07 
7.55E-07 

4E-0S 
total risk (EQ 6 ) " 

Dermal 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

OE+00 
4E-04 

Dermal 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+00 
O.OOE+OO 
O.OOE+00 
O.OOE+00 
O.OOE+OO 

OE+00 
4E-05 
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EXPOSURE ASSESSMENT FOR LEAD 

Assumptions and Paramders 
soil concentration-high rate 
soil concentration-mod rate 
ambient air on site (high) 
ambient air on site (typicd) 
ambiet air off site high 
ambiet air off site typical 
ingestion absorption resident 
dermal absorption 
inhalation absorption 
plant uptake leafy 
plant uptake root 

AIC for LEAD: 
oral (AICO) 
inhal(AICI) 

SCw 
SCt 
AW 
AT 

AOW 
AOT 
ING 
DER 
INH 
PL 
PR 

1.40E-03 
4.30E-04 

CORRECTION FACTORS FOR SCENARIOS (CF) 
On-Site 

Residential 

Inhalation 
worst-case adult* CFRIAW 

typical adult* CFRIAT 
-child CFRIC 

Soil Ingest-adult CFRSA 
-child CFRSC 

Veg ingest-adult CFRVA 
-child CFRVC 

Deonal-aduh CFRDA 
-child CFRDC 

1 
0.7 
1 

0.5 
0.5 

1 
1 

0.5 
0.5 

• ; 

1.35E+01 
3.81 E+00 
2.38E-04 
1.24E-04 
7.10E-05 
9.76E-06 
4.20E-01 
O.OOE+00 
1.00E+00 
5.20E-03 
5.20E-03 

mg/kg-day 
mg/kg-day 

On-Site 
Industrial 

CFIIA 
CFIIC 

CFISA 
CFISC 

CFIVA 
CFIVC 

CFIDA 
CFIDC 

mg/g 
mg/g 
mg/m3 
mg/m3 
mg/m3 
mg/m3 
ratio 
ratio 
ratio 
g soil/g plant 
g soit/g plant 

0.71 
0 

0.36 
0 

0 
0 

0.36 
0 

1.35E+04 
3.81 E+03 
2.38E-01 
1.24E-01 
7.10E-02 

Off-Site 
Residential 

CFOIAW 
CFOIAT 
CFOIC 

CFOSA 
CFOSC 

CFOVA 
CFOVC 

CFODA 
CFODC 

"̂ m 
ppm 
ppm 
ug/m3 
ug/m3 
ug/m3 

' 

1 
0.7 
1 

0 
0 

0 
0 

0 
0 
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INTAKE RATES 

Age 

0-1 
1-6 

6-11 
11-76.2 

light industrid 
heavy industrial 

Body 
weight 

kg 
(BW) 

10 
15 
30 
70 
70 
70 

Soil Ingestion Soil Ingestion 
(reasonable) (maximum) 

g/day g/day 
(SIR) (SIM) 

0.05 
0.1 
0.05 

0.025 
0.025 

HOME* GROWN VEGETABLE INTAKE (g/day) 
Leafy (VIL) Root (VIR) 

0 - 1 0.50 0.53 
1-6 0.29 0.44 
6 -11 0.51 0.77 
11-76,2 1.44 1.04 

0.25 
0.5 
0.25 
0.1 

0.25 

halation 
rate 

n3/day 
(IR) 

5 
7.5 
12 
20 

8.25 
25.75 

Dermal 
contact 

rate 
g/day 
(CON) 

0 
10 
1 

0.1 
O.t 

0.65 

Rates are worst-case 
Typical rates are half these values 

EQUATIONS 
EQ1-SI*SC*ING*CF/BW 
EQ 2 - ((VIL*PL)+(VIR*PR)]*SC*CF/BW 
EQ 3- IR*A*INH*CF/BW 

EQ 4= CON*SC*DER*CF/BW 
EQ 5o (Maximum oral dose of EQ 1 + EQ 2)/ AIC 

CALCULATIONS FOR ON-SITE RESIDENTIAL SCENARIO 
Worst-Case Exposure 

Age 

Years 

0-1 
1-6 
6-11 
11-76.2 

AIC (mg/kg-day) 
Hazard Index (EQ 5) 

Soli Ingestion 
Dose 

mg/kg day 
(EQ1) 

7.07E-02 
9.43E-02 
Z36E-02 
4.04E-03 

oral-
oral-

Vegetable 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

7.22E-03 
3.41 E-03 
2.g9E-03 
2.48E-03 

1.40E-03 
5.57E+01 

Inhaled 
Particulate 

Dose 
mg/kg day 

(EQ3) 

1.19E-04 
1.19E-04 
9.52E-05 
6.80E-05 

inhal-
inhal» 

Demial 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+00 

4.30E-04 
2.77E-01 
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Typical Exposure 

Age 

Years 

0-1 
1-6 
6-11 
11-76.2 

AIC (mg/kg-day) 
Hazard Index (EQ 5) 

Soil Ingestion 
Dose 

n\Q/kg day 
(EQ1) 

4.00E-03 
5.33E-03 
1.33E-03 
2.86E-04 

oral-
oral-

Vegetable 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

1.02E-03 
4.82E-04 
4.23E-04 
3.51 E-04 

1.40E-03 
3.59E+00 

Inhaled 
Particulate 

Dose 
mg/kg day 

(EQ3) 

4.34E-05 
4.34E-05 
3.47E-05 
2.48E-05 

inhai-
inhal-

Dermal 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+00 
O.OOE+00 
O.OOE+00 
O.OOE+OO 

4.30E-04 
1.01E-01 

CALCULATIONS FOR ON-SITE INDUSTRIAL SCENARIO 
Heavy Industry 

Age 

Years 

20-60 

AIC (mg/kg-day) 
Hazard Index (EQ 5) 

Light Industry 

Age 

Years 

20-60 

AIC (mg/kg-day) 
Hazard Index (EQ 5) 

Soil Ingestion 
Dose 

mg/kg day 
(EQ1) 

7.28E-03 

oral-
oral-

Soil Ingestion 
Dose 

mg/kg day 
(EQ1) 

2.06E-04 

oral-
oral-

Vegetable 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

O.OOE+00 

1.40E-03 
5.20E+00 

Vegetable 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

O.OOE+OO 

1.40E-03 
1.47E-01 

Inhaled 
Particulate 

Dose 
mg/kg day 

(EQ3) 

6.22E-05 

inhal-
inhal-

Inhaled 
Particulate 

Dose 
mg/kg day 

(EQ3) 

1.04E-05 

inhal-
inhal-

Dermal 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+00 

4.30E-04 
1.45E-01 

Dermal 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+OO 

4.30E-04 
2.41 E-02 
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CALCULATIONS FOR OFF-SITE RESIDENTIAL SCENARIO 

rrwf a i ' ^ ' a s v E»pw9u i 

Age 

Years 

0-1 
1-6 
6-11 
11-76.2 

AIC (mg/kg-day) 
Hazard Index (EQ 5) 

w 

Soil Ingestion 
Dose 

mg/kg day 
(EQ1) 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+00 

ord-
oral-

Vegetable 
ingestion 

Dose 
mg/kg day 

(EQ2) 

O.OOE+00 
O.OOE+00 
O.OOE+OO 
O.OOE+00 

1.40E-03 
O.OOE+00 

Inhaled 
Particulate 

Dose 
mg/kg day 

(EQ3) 

3.55E-05 
3.55E-05 
2.84E-05 
2.03E-05 

inhal-
inhal-

CALCULATIONS FOR OFF-SITE RESIDENTIAL SCENARIO 
Typical Exposure 

Age 

Years 

0-1 
1-6 
6-11 
11-76.2 

AIC (mg/kg-day) 
Hazard Index (EQ 5) 

Soil Ingestion 
Dose 

mg/kg day 
(EQ1) 

O.OOE+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+00 

oral-
oral-

Vegetable 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

O.OOE+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+00 

1.40E-03 
O.OOE+00 

Inhaled 
Particulate 

Dose 
mg/kg day 

(EQ3) 

4.88E-05 
4.88E-06 
^73E-06 
1.95E-06 

inhal-
inhal-

Dermal 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+OO 
O.OOE+00 
O.OOE+00 
O.OOE+00 

4.30E-04 
8.26E-02 

Dermal 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

4.30E-04 
1.13E-02 

t ^ ^ 
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EXPOSURE ASSESSMENT FOR HEAVY PAHs 

Assumptions and Parameters 
soil concentration-high rde 
soil concentration-mod rate 
dust in air high 
dust in air low 
ingestion absorption 
dermal absorption 
inhalation absorpt 
half life 
degradation rate 

on 

SCw 
SCt 
ACw 
Aa 
ING 
DER 
INH 
HL 
K 

Potency Slope for HEAVY PAHs (as Benzo(a)pyrene) 
oral (PSO) 
inhal(PSI) 
der(PSD) 

1.15E+01 
6.11 E+00 

none 

CORRECTION FACTORS FOR SCENARIOS (CF) 

1 

Inhal.-adult 
-child 

Soil ing-adult 
-child 

Dennal-adult 
-child 

INTAKE RATES 

Age 

0-1 
1-6 
6-11 
11-76.2 
light Industrial 
heavy Industrial 

On-Site 
Residential 

CFRIA 
CFRIC 

CFRSA 
CFRSC 

CFRDA 
CFRDC 

Body 
weight 

kg 
(BW) 

10 
15 
30 
70 
70 
70 

1 
1 

0.5 
0.5 

0.5 
0.5 

Soil Ingest. 
(reasonable) 

g/day 
(SI) 

0.05 
0.1 
0.05 

0.025 
0.025 

On-Site 
Industrial 

CFliA 
CFIIC 

CFISA 
CFISC 

CFIDA 
CFIDC 

Soil Ingest. 
(maximum) 

g/day 
(SI) : 

0.25 
0.5 
0.25 
0.1 

0.25 

2.86E-01 
4.16E-02 
O.OOE+00 
O.OOE+OO 
5.00E-01 
6.00E-02 
1.00E+00 
5.00E+00 
1.39E-01 

kg-day/mg 
kg-day/mg 

0.71 
0 

0.36 
0 

0.36 
0 

Inhalation 
rate 

m3/day 
(IR) 

5 
7.5 
12 
20 

8.25 
25.75 

mg/g 
mg/g 
0/m3 
g/m3 
rdio 
ratio 
ratio 
yrs 
1/yrs 

Off-Site 
Residential 

CFOIA 
CFOIC 

CFOSA 
CFOSC 

CFODA 
CFODC 

Dennal 
contact 

rde 
g/day 
(CON) 

0 
10 
1 

0.1 
0.1 
0.65 

. - O ^ ^ ^ ^ ^ - ^ 

^^^^1^^^*^^ 

2.86E+02 
4.16E+01 
above 
in ppm 

_ 

K-ln2/HL -

. . _. 
' ,—. ' 

1 
1 

0 
0 

0 
0 
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EQUATIONS 
EQ 1 - (EXP(-K*Beginning Age)-EXP(-K*Ending Age))/K 
EQ 2- Sl*SC*CF/Body Weight 
EQ 3- IR*AC*SC*1NH*CF/BW 

EQ 4- CON*SC*DER*CF/BW 
EQ 5- sum (dose'decay factor )*PS 
EQ 6»sum of risks 

CALCULATIONS FOR ON-SITE RESIDENTIAL SCENARIO 
Worst-Case Exposure 

Age 

years 
beg. 

0 
1 
6 
11 

end 

1 
6 
11 
76.2 

Ave lifetime dose 
risk(EQ5)-

Decay 
Factor 
years 
(EQ1) 

9.34E-01 
3.14E+00 
1.57E+00 
1.56E+00 

Soil Ingestion 
Dose 

mg/kg day 
(EQ2) 

1.78E-03 
2.38E-03 
5.95E-04 
1.02E-04 

Inhaled 
Particulate 

Dose 
mg/kg day 

(EQ3) 

O.OOE+OO 
O.OOE+00 
O.OOE+OO 
O.OOE+OO 

Dermd 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+OO 
5.71 E-03 
Z86E-04 
1.22E-05 

1 Ave lifetime dose 
risk (EQ 5) = 

Typical Exposure 

Age 

Years 
beg. 

0 
1 
6 
11 

end 

1 
6 
11 
76.2 

Decay 
Factor 
Years 
(EQ1) 

9.34E-01 
3.14E+00 
1.57E+00 
1.56E+00 

1.34E-04 
1.5E-03 

O.OOE+OO 
O.OE+00 

total risk (EQ6)= 

Soil 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

5.20E-05 
6.93E-05 
1.73E-05 
3.71 E-06 

Inhaled 
Particulate 

Dose 
mg/kg day 

(EQ3) 

O.OOE+OO 
O.OOE+00 
O.OOE+00 
O.OOE+00 

2.41E-04 

1.5E-03 

Dermal 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+OO 
8.32E-04 
4.16E-05 
1.78E-06 

3.92E-06 
4.SE-05 

total risk 

O.OOE+00 
O.OE+00 

(EQ 6 ) ' 

3.51E-05 

4.SE-05 
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CALCULATIONS FOR ON-SITE INDUSTRIAL SCENARIO 

Heavy Industry 

Age 

Years 
Beg. 

20 
Ave lifetime dose 
r i s k (EQS) ' ' 

end 

60 

Decay 
Factor 
Years 
(EQ1) 

4.45E-01 

Soil 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

1.84E-04 
1.07E-06 

Inhaled 
Particulate 

Dose 
mg/kg day 

(EQ3) 

O.OOE+00 
O.OOE+00 

1.2E-0S O.OE+00 
total risk ( E Q 6 ) " 

. Dennal 
Absorption 

Dose 
mg/kg day 

(EQ4) 

5.73E-05 
3.34E-07 

1.2E-0S 

CALCULATIONS FOR ON-SITE INDUSTRIAL SCENARIO 
Light Industry 

Age 

Years 
Beg. 

20 
Ave lifetime dose 
risk(EQ5)' 

end 

60 

Decay 
Factor 
Years 
(EQ1) 

4.45E-01 

Soil 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

2.67E-06 
1.56E-08 
1.8E-07 

Inhaled 
Particulate 

Dose 
mg/kg day 

(EQ3) 

O.OOE+OO 
O.OOE+00 
O.OE+00 

total risk ( E Q 6 ) ' 

Dermal 
Absorption 

Dose 
mg/kg day 

(EQ4) 

1.28E-06 
7.49E-09 

1.8E-07 

CALCULATIONS FOR OFF-SITE RESIDENTIAL SCENARIO 

Worst-Case Exposure 

Age 

Years 
Beg. 

0 
1 
6 
11 

End 

1 
6 
11 
76.2 

Ave lifetime dose 
risk ( E O S ) ' 

Decay 
Factor 
Years 
(EQ1) 

9.34E-01 
3.14E+00 
1.57E+00 
1.56E+00 

Soil 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+00 
O.OOE+00 
O.OE+00 

total risk 

Inhaled 
Particulde 

Dose 
mg/kg day 

(EQ3) 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+00 
O.OOE+00 
0.0E+C0 

(EQ 6 ) ' 

Dermal 
Absorption 

Dose 
mg/kg day 

{EQ4) 

po 
O.OOE+00 
O.OOE+00 
O.OOE+00 
itVALUEl 

O.OE+00 
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T^lcal Exposure 

Age 

Years 
Beg. 

0 
1 
6 
11 

End 

1 
6 
11 
76.2 

Ave lifetime dose 
risk (EQ 5 ) ' 

Decay 
Factor 
Years 
(EQ1) 

9.34E-01 
3.14E+00 
1.57E+00 
1.56E+00 

Soil 
Ingestion 

Dose 
mg/kg day 

(EQ2) 

O.OOE+00 
O.OOE+OO 
O.OOE+00 
O.OOE+00 
O.OOE+OO 
O.OE+00 

inhaled 
Particuide 

Dose 
mg/kg day 

(EQ3) 

O.OOE+00 
O.OOE+OO 
O.OOE+00 
O.OOE+OO 
O.QOE+00 
O.OE+00 

totaf risk ( E Q 6 ) ' 

Dermal 
Absorption 

Dose 
mg/kg day 

(EQ4) 

O.OOE+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+00 
O.OOE+OO 

O.OE+00 
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( APPENDIX C 

I CONCENTRATIONS OF METALS IN FUGITIVE DUST 

This appendix supports the discussion of potentid exposure for ofislte residents via 
inhalation and deposition d fugitive dust from the site (see Section lU.D. and Section 
yji.). Metds to fugitive dust from the site were modeled by IKC Environmentd 

( Consultants. Two models wero used to detenntoe ambient air concentrations and 
I deposition concentrations. The Fugitive Dust Model (FDM) was the prderred modeUng 

technique due to Its more realistic treatoient of particle deposition. The FDM model 
dso produced a more conservative estimate of both deposition and ambient air Impact. 

i The other model used was the Industrid Source Complex Model (ISC). This model was 
run at the request of the EPA and the results d this modd are presented as a 

I comparison. 

The models were run for the arsenic. Concentrations were estimated for the other 
I metals relative to the concentration of arsenic as determtoed from concentrations of 

metals measured to the suificid dust andysls (Parametrix et aL, 1989). 

Table C-1 presents the ambient concentrations of metals to airborne dust as maximum 
vdues averaged over eight-hours and one year. The annud concentrations were 

( determtoed for both onsite and ofislte. or resldentld, areas. The eight-hour maximum 
I is used for evaluating air levels for workers, assumtog todustnd devdopment d the 

stte. 

Onsite values used for the hypotheticd resldentid and todustrid dte-use scenarios are 
given for the maximum annual average ("worst-case") and an totermedlate isopleth 
wlthto the boundaries of the site T'typlcd"). Figure 5 depicts how this isopleth was 
sdected. Results from the FDM modd were used conservatively for the risk 

( assessment, some ISC model results are dso given as a comparison. 

Figure 5 also depicts the location of the maximum annud concentration off site to 
resldentld areas. The ofidte areas considered resldentid by the risk assessment 

I todude non-Asarco property that is zoned for reddentld. recreatlond. or school use. 
This concentration is used for both the "worst-case" and "typicd" conditions for the 

' ofidte resldentid exposure scenario. 

Deposition d metds to fugitive dust is presented to Table C-2 as a m?Tr<TniiTTt 
i concentration over a one-year period. OiTslte vdues are for highest impact (Vord-

case") and for more reaUstlc Impacts ta the area ("typicd"). These approximate 
( locations are depicted to Figure 6. 
i 
( . . 

r 
I 
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TABLE C-1 

CONCENTRATIONS OF METALS IN AIRBORNE DUST 

FUGITIVE DUST MODEL (ug/m3) 

Metal 

Antimony 
Arsenic 
Cadmium 
Copper 
Chromium 
Lead 
Mercuty 
Nickei 

OnSIte 
Annual 

maximum 

4.21 E-02 
2.68E-01 
2.23E-03 
2.80E-01 
4.56E-03 
2.38E-01 
1.44E-01 
6.70E-03 

On Site 
Annual 
typical 

2.20E-02 
1.40E-01 
1.17E-03 
1.46E-01 
2.38E-03 
1.24E-01 
7.50E-02 
3.50E-03 

On Site 
8-Hour 

maximum 

7.22E-01 
4.60E+00 
3.83E-02 
4.81 E+00 
7.82E-02 
4.08E+00 
2.47E+00 
1.15E-01 

Off Site 
Annual 

maximum 

1.26E-02 
8.O6'E-02 

6.66E-04 
8.36E-02 
1.36E-03 
7.10E-02 
4.2gE-02 
2.00E-03 

Off Site 
Annual 
typical 

1.73E-03 
1.10E-02 
9.16E-05 
1.15E-02 
1.87E-04 
9.76E-03 
5.90E-03 
2.75E-04 

INDUSTRIAL SOURCE COMPLEX MODEL (ug/m3) 

Mdal 

Antimony 
Arsenic 
Cadmium 
Copper 
Chromium 
Lead 
Mercuty 
Nickel 

On Site 
Annual 

maximum 

2.10E-02 
1.34E-01 
1.12E-03 
1.40E-01 
2.28E.03 
1.19E-01 
7.18E-02 
3.35E-03 

On Site 
. 8 Hour 
maximum 

1.70E-01 
1.08E+00 
9.00E-03 
1.13E+00 
1.84E-02 
9.58E-01 
5.79E-01 
2.70E-02 

Off Site 
Annual 

maximum 

1.26E-02 
8.00E-02 
6.66E-04 
8.36E-02 
1.36E-03 
7.10E-02 
4.29E-02 
2.00E-03 

See Figure 5 for on site and off site locations 
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TABLE C-2 

DEPOSITION CONCENTRATIONS OF METALS 

FUGITIVE DUST MODEL (g/m2) 

• • ^ ' < 

Antimony 
Arsenic 
Cadmium 
Copper 
Chromium 
Lead 
Mercuty 
Nickel 

On Site 
Annual 

maximum 

1.90E-02 
1.21E-01 
1.01 E-03 
1.26E-01 
2.06E-03 
1.07E-01 
6.4gE-02 
3.03E-03 

Off Site 
Annual 

maximum 

5.50E-03 
3.50E-02 
2.g2E-04 
3.66E-02 
5.95E-04 
3.10E-02 
1.88E-02 
8.75E-04 

Off Site 
Annual 
typical 

4.24E-02 
2.70E-01 
2.25E-03 
2.82E-01 
4.59E-03 
2.39E-01 
1.45E-01 
6.75E-03 

INDUSTRIAL SOURCE COMPLEX MODEL (g/m2) 

On Site Off Site 
Annual Annual 

maximum maximum 

Antimony 1.21 E-04 8.16E-05 
Arsenic 7.70E-04 5.20E-04 
Cadmium 6.41 E-06 4.33E-06 
Copper 8.05E-04 5.43E-04 
Chromium 1.31 E-05 8.84E-06 
Lead 6.83E-04 4.61 E-04 
Mercuty 4.13E-04 2.79E-04 
Nickd 1.93E-05 1.30E-05 

See Figure 6 for on site and off site kxations 
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— — Site Boundary Parametrix et al. (1989) 
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FIGURE 6 FDM - 1983 Annual Arsenic Deposition 
(in g /m*) 

A Highest o f f s i te concentration 
B Typical o f f s i te concentration 

0.5 1.0 km 
— —Site Boundary 

Parametrix e t a l . (1989) 
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APPENDIX D 

ADDITIONAL TOXICOLOGICAL INFORMATION 
FOR SELECTED CHEMICALS OF CONCERN 

ANTIMONT 

Antimoity at the dte is assumed to be present as either metaUic dust or a mixture of 
soluble sdts. Antimony poisoning can afiect the lungs, mucous membranes, skto. 
circulatoty system, and gastrototesttod tract, depending on the dose and the duration of 
exposure. The symptoms of chronic exposure to low levels to humans were observed to 
studies of occupational exposure. Antimony dnelter workers have commonly developed 
pneumocodosls. which may be benign (Stoktoger, 1982; Eltoder and Friberg, 1986). 
Tlandent pustular skto eruptions, known as "antimony spots", are frequently observed to 
workers occupatlondly exposed to high levels of antimony and antimony sdts (Eltoder and 
Friberg. 1986). ., 

ARSENIC '-[i 

T. 
I. Uptake aixd Metabolism >̂: 

The toxicity d arsenic varies with its chemlcd form. The prlmaty vdences of concem to 
this risk assessment are trivdent and pentavdent toorganlc arsenic. Trivdent (arsenlte) 
compounds are more acutdy toxic than pentavdent (arsenate) compounds, but at levels 
found to the environment arsenlte is rapidly converted to arsenate (USEPA 1987b). 

toorgadc arsenic can be methylated to the environment and to the human liver. 
Methylatlon is generaUy viewed as a detoxincatlon mechanism which hastens elimination of 
aisedc via the urtoaty tract (USEPA 1987b). Arsenic methylatlon Is inhibited to people 
with proteto- or choltoe-defident diets. These people are. therdore. a potentid sensitive 
population for arsenic toxidty. 

Absorption of ingested arsenic varies markedly with the water solublUty d the compound 
(USEPA 1984d. Soluble Inorganic compounds, such as arsenic trioxide, are almost 
completely absorbed. whUe an tosduble compound, such as arsenic trlselenide. has 
negUglble absorption. The phjrsicd form to which these compounds are administered may 
also afTect absorption stoce a suspension of arsenic trioxide was absorbed to a much more 
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Umited degree than a solution (i.e.. 30 to 40 percent for the suspension compared to up to 
95 percent for the solution). 

For inhded arsenic. Umited studies suggest deposition of 40 percent of most forms witli a 
net absorption of at least 30 percent of the amount inhded (USEPA 1984a). Dermd 
absorption appears to be negUglble (USEPA 1988e). 

to man, there does not appear to be long-term accumulation of arsenic to phydologicaUy 
active compartments of the body (USEPA 1984a). Arsenlte reacts with suUhydtyl groups of 
proteins (Goyer. 1986). Btodtog by this mechanism explains the relatively high levels of 
arsenic found to hafr. skto and stomach. Arsenate may toterfere with phosphoiylation 
reactions due to its chemlcd slmUarity to phosphate. This simUarity may explato its 
relaUvely high levels to the skeleton (USEPA 1988e). 

Approximately 50 to 80 percent of absorbed arsenic is thought to be elimtoated via the 
urtoaty tract (USEPA, 1988e: Goyer. 1986). This has led to the use of urtoaty arsenic levels 
as an todlcator for exposure. Secondary routes of elimination todude feces, hair, sweat 
and desquamation of skto (Goyer. 1986). 

2. JVon-corclnogenlC Effects ^ 

Levels of arsenic to some areas d the site may be high enough to result to adverse non-
carctoogenic effects. At the extreme, the "worst-case" dose for infants Is half (352 ug/kg/d) 
d the lowest observable adverse effect level (LOAEL) reported for lethaUty to infants 
(ATSDR, 1987a). The "worst-case" dose for adults Is equal to the LOAEL for skto and 
cardiovascular effects (20 ug/kg/day). The "typicd" dose for Infants hypothetlcaUy on site 
is equd to the no observable adverse effect levd (NOAEL) for arsenic (10 ug/kg/d). whereas 
"typicd" dose for adults (0.7 ug/kg/day) Is below the NOAEL (ATSDR, 1987a). 

Other effects associated with chronic exposure todude tojuiy to the peripherd and centrd 
nervous systems (USEPA 1984a). Effects on the centrd nervous system are less weU 
charaderized than effects on the peripherd nervous system, which begto with sensoty 
changes (numbness, tingltog. "ptos and needles" sensation, and decreases to touch, pato 
and temperature sensations). Subsequently, motor nerves become affected as weU. 

A cardiovascular effed, caUed blackfoot disease, is promtoent to Tdwanese populations 
exposed to arsenic via weU water. This is a peripherd vascular disease leading to gangrene 
d the extremities (USEPA 1984a). Due to the presence of other chemicals to the weU 
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water, and to conflicting data from other studies, a generd relationship between arsenic 
and cardiovascular disease has not been devdoped. 

3. CarciiwgerUc Ejfects 

Risk assessments for arsenic are generaUy based on the toduction d lung cancer by 
inhded arsenic and the toduction d skto cancers by ingested arsenic. These are the effects 
of greatest concem for chronic exposure to relatively low levels. 

The EPA inhdatlon potency factor of 50 (mg/kg/day)'^ was developed from studies of 
human mdes occupatlonaUy exposed to arsenic via tohdation (USEPA 1988a). 

The ingestion potency factor has recently been revised by CAG (USEPA 1988e). The~riew 
estimate. 1.65 (mg/kg/day)'1. is almost an order of magnitude lower than the estimate 
issued to 1984, which was 15 (mg/kg/day)* 1. The difference is due to a revised evduatlon 
of the same study upon which the origlnd cancer potency was based. In the later study, 
tocldence of skto cancer to people exposed to arsenic to drinking water to Tdwan was 
andyzed using the generaUzed multistage model The differences between the two 
evduations are summarized bdow: 

o For the new estimate, a model which was both Itoear and quadratic for dose was 
found to fit the data slgniflcantly better than tlie Unear modd used for the 1984 
estimate. 

o The new estimate uses a Ufe-table approach based on age-speclflc U.S. mortaUty 
data to cdculate lifetime risk, whereas the previous estimate assumed an todlvidud 
lived to be 76.2 years old. 

o The new study uses a maximum likelihood estimate d prevdence rates (which 
takes toto account the relativdy smaU populations to older age groups), whereas the 
previous estimate used a least squares Itoear regression. 

o The new estimate assumes Taiwanese males drink 75% more water than the U.S. 
population because they perform heavy work outdoors to a hot climate, whereas the 
previous estimate assumed comparable water totake. 

0 The new estimate todudes data on Taiwanese femdes which was exduded from the 
previous estimate. 
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A number of unresolved Issues make it Ukely that the new potency factor wlU be revised 
agato to the future as new data become available. These todude: 

o The low fatdity rates associated with arsenic-toduced skto cancers compared to 
other cancers and the abiUty to succesduUy treat these cancers may lead to a 
further reduction d the estimate. 

o Prellmtoaty evidence that the actud dose-response curve may not be Itoear could 
dso lead to a further reduction of the estimate. 

o Evidence that arsenic may be an essentld element could lead to the establishment 
of a threshold for adverse effects. 

There are also some problems associated with the Tdwanese study which might lead to 
new estimates to the future ff a better study becomes avaUable. The problems todude: 

o The Taiwanese populaUon studied also had a high tocldence of blackfoot disease 
assodated wltli arsenic exposure. The earUer.onset and higher case-fataUty rate 
from this disease may have led to an underestimate of cancer cases. 

o The presence of other chemicds (ergotamtoe) to the water supply may have 
influenced the cancer incidence. 

o The tovestigators determlntog the cancer tocldence were familiar with the subjects' 
arsenic exposure and may. therefore, have totroduced bias toto the study. 

0 The study did not take toto account exposiu^ to arsenic via diet, a factor wlUch may 
have lead to a m '̂giTniiTn 30 percent overestimate of risk. 

LEAD 

The major routes of inorganic lead absorption are the gastrototesttod tract and the 
respfratoiy system. The rate of absorption of lead from the gastrototestind tract can be 
markedly influenced by the level d cddum, iron. fats, and proteins to the diet, and is 
higher to Infants than to adults. 

. ) 
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After long-teim exposure, approximately 90% of the totd body burden of lead is 
sequestered to the bones. Some lead is also stored to the Uver and kidneys. In these 
organs, lead appears to dense totranuclear tocluslon bodies. E^retlon occurs via bUe and 
urine, and by exfoUation of epitheUd tissue. Over time, the fractiond excretion d the lead 
body burden becomes progresdvely smaUer (Goyer. 1986). -

Lead poisoning affects the centrd nervous system, peripherd nerves, kidneys and red 
blood ceUs. At low levels of exposure, neurologlcd and hematologic effects to chUdren are 
d greatest concern. A blood lead level of 30 ug of lead/dl of blood was previously accepted 
as the "maximum sde level" for pediatric exposures: however, the threshold for observed 
adverse effects conttoues to decltoe as additional studies are conducted. For example.^ 
highly significant assodation has been found between IQ and blood lead levels over a range 
of 6 to 47 ug/dl (USEPA. 1988b). As a result, the EPA now considers 10-15 ug/dl (and 
higher) as the appropriate range of concem for adverse hedth effects (USEPA 1988b). 

Differences to environmental lead levels are reflected to the blood levels d chUdren from 
urban and rurd areas. Studies have demonstrated that for evety 1000 ppm tocrease to soU 
lead levels, the blood lead to chUdren wlU tocrease 0.6 to 6.8 micrograms d lead per 
decUlter of blood (ug/dl). A reasonable mean estimate Is 2.0 ug/dl (USEPA 1986a). For 2-
to 3-year-old chUdren. who generaUy have the highest blood lead levels, geometric mean 
blood levels from 1976 to 1980 were 19.3 to 20.9 ug/dl to mban areas and 16.4 ug/dl to 
rurd areas. 

The EPA has recently reviewed the available data on the carctoogenicity of lead and has 
classified lead as a probable human carctoogen based on evidence to animals (USEPA 
1988b). In carctoogenlc studies to rodents, exposure to relatively high doses of lead 
resulted to primarily rend tumors (USEPA. 1986a). Little can be conduded at this time 
about the carctoogenldty of lead to humans from the avaUable epidemlologlcd data 
(USEPA 1986a). These human studies generaUy lack controls for other contributing 
factors to carctoogenldty. 

A carctoogenlc potency slope has not been determtoed for lead because d difficulty to 
evduattog the dose-response data to animals. Although the results from animd tests 
dearly indicated that lead is a carctoogen. the levels required to induce timiors are 
considerably higher than the no effect levd for non-carctoogenic effects. Accordingly, the 
EPA has conduded that lead does not appear to be a potent carctoogen and that the non-
carctoogenic effects of lead are of greatest concern at low levels for regulatoty purposes 
(USEPA 1988b). 
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HPAHs 

Although HPAHs were sdected. as todlcator chemicals, these compounds are usuaUy 
present to petroleum hydrocarbon mixtures. This section provides additiond toxlcologlcd 
information on other components of these PAH-containtog mixtures. HPAHs are one of the 
many components d petroleum hydrocarbon mixtures which also todude alkanes. alkenes. 
cycloalkanes. and other aromatic hydrocarbons to vaiytog proportions with nitrogen, 
suffur. and o^Q^gen-contatoing compounds to much smaUer amounts (USEPA 1981b: 
Sandmeyer. 1981 a.b). The chronic toxicity of most of the alkanes. alkenes. and 
cycloalkanes to petroleum products are quite low (Sandmeyer. 198Ia.b). An exception is n-
hexane and closely related n-alkanes which cause degeneration of peripherd nerves. The 
neurotoxic action of n-hexane has generdly been Umited to workers exposed to high levels 
to an occupationd setting. Severd of the higher n-dkanes. such as dodecane. have been 
shown to act as cocarctoogens, enhanctog the tumorigenic response of mice to dermd 
treatment with some polycycUc aromatic hydrocarbons such as benzolalpyrene. Larger 
alkanes and alkenes (those with 20 carbon atoms.and greater) which are soUds at room 
temperature are considered practically non-toxic. 

Due to the extreme variations to composition of petroleum products, the hazard of a 
particular product would depend on the precise chemlcd composition (e.g.. benzene, and 
PAH composition) and on the process used to rdtoe the product from crude oU. Predictions 
of carctoogenlc activity could be further complicated by the presence of cocarctoogens. 
Additives and contaminants such as heavy metds could pose additiond hazards, dthough 
conversdy. other components such as polycycloparaffins may reduce the bloavaUabUlty of 
PAHs to petroleum mixtures (Lewis et aL, 1984). 

The greatest hazards of petroleum products are those assodated with the aromatic 
hydrocarbons to these products. At the site, the polycycUc aromatic hydrocarbons pose the 
greatest hazards. Carotoogenic PAHs have been shown to cause skto tumors to laboratoty 
animals when appUed to skto repeatedly. Benzolalpyrene is considered the most potent. At 
least 14 PAHs have been shown to be carctoogenlc and severd additiond compounds are 
reported to be mutagenic, but have not yet been adequatdy tested for carctoogenldty 
(lARC, 1983). This risk assessment foUowed EPA guideUnes which suggest that aU PAHs 
should be considered as potent as benzolalpyrene. 

It should be noted that there are also a number of PAHs that do not demonstrate 
carctoogenlc or mutagenic activity. These compounds generally are the lower molecular 
weight PAHs. 
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CADBQUM 

The nature of the effects of chronic cadmium poisoning vaty according to the route of 
intake. Chronic inhalation of cadmium can result to the development of lung cancer. 
Emphysemous and flbrotic changes to the lungs have been documented to animds and 
humans foUowing chronic exposure. All of tliese changes, which may perdst afier removd 
from exposure, can be attributed to locd irritation of the respiratoty tract (Goyer. 1986). 

The kidney is also a major target organ of chronic cadmium toxidty. Rend tubular disease 
with protetourla has been observed following long-teim ingestion and inhalation exposure. 
Long-term ingestion of cadmium has also been associated with anemia and liver 
disturbances. Cadmium accumulates to aU tissues: however, the kidney accumulates the 
most (up to 50% of the totd body burden (Friberg et a l , 1986). The selective concentration 
of cadmium to the kidney may account for the toxic effects characteristically found to that 
organ. 

CHROMIUM 

Hexavdent chromium is more easily absorbed from the lungs and gastrototestind tract 
than is trivdent chromium. This fact probably accounts for the greater toxicity of 
hexavdent chromium than trivdent chromium. Chromium accumulates selectively to the 
lung as a result of depodtion over time (Langard and Norseth. 1986). Once absorbed and 
bound to tissue macromolecules, chromium compounds are found to trivdent form. The 
hexavdent chromium compounds are strong oxidizing agents and are easUy reduced. In 
vivo reduction of the readUy absorbed (more soluble) hexavdent form to the trivalent fonn 
may be of importance for the toxicity of chromium compounds. Unlike most other toxic 
metals, chromium levels to tissues other than the lung decrease with age. 

Inhdatlon exposure to high levds of hexavdent chromium can result to bronchlogenic 
cancer. The specUlc hexavdent chromium compounds with maximum carctoogenlc activity 
have yet to be identified (Langard and Norseth. 1986). The most common toodc effects of 
exposure to hexavdent chromium are dermatitis, ulcerations d the mucous membranes, 
and aUeiglc asthmatic reactions. 
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COPPER 

There are no quantitative data on the effects of resplratoty uptake of copper to humans or 
animds. to humans, some short-term toxic effects (Influenza-Uke symptoms) have been 
observed foUowing todustrid exposure to copper dust or fumes. Gastrototestind 
absorption is regulated by the copper level to the body, and varies with the form of the 
copper compound togested (Aaseth and Norseth. 1986). Ingestion of smaU amoimts of 
copper sdts toduces vomiting. 

Two distinct copper-sensitive populations have been identified. Glucose-6-
phosphodehydrogenase (G6PD) deficient todividuds may be at risk from exposure to 
copper, as excess copper reduces the activity of the hexose monophosphate shunt to which 
G6PD is tovohred (USEPA 1984d). The tocldence of G6PD ddlclency Is estimated to be 
13% of the American black male population (USEPA 1984d). Also at risk are tliose with 
the inherited disorder of copper metaboUsm known as WUson's disease, or hepatolenticular 
degeneration. The prevdence of patients diagnosed with Wilson's disease Is 1 to 30,000 
(StemUeb and Schetoberg. 1985). 

aiERCURT 

Biotransformation and tissue dlstribuUon of mercuty to humans are influenced by vdence 
state and anionic component as weU as by route of exposiue. Organic mercuty Is efilciently 
absorbed by togestion and readUy crossess tlie blood-brato barrier. It may cause brato 
damage and teratogenic effects (Berlto. 1986: Goyer. 1986). Eighty percent of metaUic 
mercuty vapor is absorbed and retatoed by the lungs, whereas less than 0.01% Is absorbed 
via ingestion (Goyer. 1986). This form dso affects the brato and centrd neivous system 
due to accumulation to this organ (USEPA 1984e). toorganlc merciuy sdts are more likely 
to be assodated with gastrototestind disturbance and kidney effects (BerUn, 1986; Goyer. 
1986). 
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APPENDIX E 

UNCERTAINTY IN RISE ASSESSMENT 

A. OVERVIEW 
i ' • ~ 

I This appendix begins with a generd overview of uncertatoty to risk assessment, then 
presents the sources of uncertatoty and the effeds of tlie assumptions to this risk 

I assessment on the results. 

Although there are many sources of uncertatoty to a hedth risk assessment, this should 
not Imply that the results are not usdul. Rather, it is Important to Identify the sources and 
effects of uncertatoty to order to provide defensible hedth risk estimates, highlight the 
uncertatoty to the conclusions, and minimize subjective toterpretatlon of the nature and 
degree of risk posed by site contamtoants. Most assumptions are totentionaUy conservative 
so that tlie risk assessment wlU be more likely to overestimate risk than to underestlmiate 

i i t However, to some cases the nature of the uncertatoty is such that the Impact d the 
I assumptions made on the risk assessment carmot be determtoed. When insuflldent data 

necessitate the use of subjective estimates of toput variables, risks may be underestimated. 
Uncertatoty factors are used to compensate for lack of data to ensure that risks ardi't 
imderestimated. 

1. Data LimitaUons 

. A hedth risk assessment examtoes the source of a contaminant, its dispersion and 
j resdttog exposure to humans, and the toxlcologlcd effects of that exposure. There are 

many chemicals for which there is Uttle tofoimalion about degradation, partitioning 
! between soU. water and air. reactions to the environment, the uptake rates to plants and 
! animds (which can result to todlrect exposure to humans), the absorption rates to humans 

from various routes of exposure, or the toxic effects d chronic, low-dose exposure. 

^ 2. Propagation of Error 

I A major problem with the quantitative asped of risk assessments is the propagation of 
error. Cdculation d risk is a sequentid process, with the estimates from one section used 

, as the assumptions to the next As a result, the errors are compounded at each step (e.g.. 
I the uncertatotles and errors to the sampling data are compounded by uncertainties and 

errors to the exposure and risk cdculations). 
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to order to minimize the error propagation to this assessment, most of the environmentd 
partiUontog and exposure cdculations used are Itoear, so that no parameter has a stronger 
or weaker effect on the result than any other parameter (e.g.. doubling either the totake 
rate or the ambient concentration doubles the risk for a given route of exposiu-e). 

A type of sensitivity analysis was performed by cdculattog a range d "typicd" and "worst-
case" risks to cover the variety of possible exposure scenarios. "Typicd" exposure 
tocorporated more realistic totake rates and mean soU concentrations. Worst-case 
cdcdaUons used highly conservative assumptions and the upper 95 percentUe soU 
concentration. Tlie range to onsite risks between worst-case and "typicd" cdculations was 
approximately an order of magnitude to most cases, which represents the variation to 
outcomes of risk cdculations. E r̂en though risk estimates for carctoogens are presented as 
a number foUowed by the order of magnitude (e.g.. 2xl0'8), the accuracy of the models 
used Is such that ody the order of magnitude (e.g.. 10-6) is considered reliable. 

3. QuaUtative Analvsis of Uncertatoty 

The amount of uncertatoty to risk assessment cannot be easily quantified, to order to 
accompUsh a standard statisticd andysls of uncertainty, it is necessaty to have a 
quantitative estimate of the range of each variable and each source of error, as weU as 
infoimation on the underlying statistical distribution of each parameter, to many cases, so 
few measurements are avaUable or so Uttle Is understood about the phjrslcd processes 
involved, that any estimates d bounds on the risk would be nearly meaningless, to such 
cases, it is more useful to perform a quaUtative uncertatoty analysis. 

to almost evety case when the relative effect on risk could be determtoed. the vdue d a 
parameter (such as an InlidaUon rate or a home-grown vegetable totake rate) was chosen 
to overestimate risk. The effect d some parameters on risk depends on the cdcdation 
used, or on the vdue assigned to another parameter to Uie cdculaUon. For some factors, 
the quaUtaUve effect can be determined by considering what the results would be ff more 
data were available. There remato some assumptions, however, for which the quaUtaUve 
effect cannot be known without addiUond data or further advances to scientific theoty. 
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C. SOURCES AND EFFECTS OF UNCERTAINTT 

Assumptions must be made when vdues are unknown or when a mulUtude of vdues are 
possible. Tlie quaUtative effects of the major assumpUons made for this risk assessment 
are discussed below. 

1. Factors Leading to Overestimp^ipn pf Rtek 

a. Site Characterization 

o The risk assessment of exposure to chemicals to soU is based on the results of 
sampling which concentrated on specific areas on the property. These sites were 
Judged to be most highly contamtoated on the basis of detaUed records of site 
actlvlUes. Thus, exposure concentraUons tend to overestimate the actud exposure 
by hypotheUcd dte reddents. 

b. Hazard Identyication 

o No physicd or chemlcd contaminant loss (except for degradaUon of HPAHs) was 
assumed for contaminants to the soU. to other words, each todlvidud IS assumed 
to be exposed to the orlgtoal level of contamlnaUon for a Ufetime. The use to this 
assessment of the upper 95 percentUe level of site sampltog results to cdculate 
"worst-case" exposure greaUy overestimates the amount of each chemlcd present at 
the site. 

o Because the exact foim of the metals was not empiricaUy deteimtoed. we assumed 
that the metds were to the most toxic form possible at the site. For example, nickel 
was assumed to be nickel subsulfide; chromium was assumed to be hexavdent. 
Mercuty was assessed as its most toxic form by each route. 

c.E:qx)sure 

0 Under the resldentld site use scenario, the todlvidud receiving "worst-case" 
exposure Is considered to redde conUnuoudy at the locaUon of the highest 
measured soU concentraUons and the highest concentrations to afr for a Ufetlme, 
breathing outdoor afr aU day. and eattog home-grown vegetables. This wiU 
overestimate risk, stoce only a fracUon d these exposures would aduaUy occur. 
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o Results of the FDM model were used to approximate ambient levels and offsite 
deposlUon of fugiUve dust. This model gives more conservaUve results than the 
EPA-approved ISCLT model The concentraUon assumed for "typicd" exposure was 
an totermedlate Isopleth wlUito the site boundaries. This isopleth is considerably 
higher than a true average exposure for .the dte based on equd probabiUty of Uvtog 
to a given locaUon. 

o The- particulate matter leaving the site was assumed to have the same density as 
arsenic trioxide which is denser than most other forms of metals present. Because 
larger particles wlU depodt doser to the source, the estimates near Uie property Une 
wUl be overestimated (Parametrix et oL. 1989). 

o HjrpotheUcd site uses and offsite e:Cposure assume that the present soU condiUons 
remato for a Ufetime of exposure, to reaUty. landscaping and pavtog would reduce 
the exposure to bare soU and to dust. 

o Reddents of dl ages were assumed to ingest soU everyday for six months of the 
year. This may be unredisUc for infants who are too young to crawl and therefore 
would not. ingest much house dust or soU. EPA guldeltoes do not dways todude 
soU togesUon as a significant pathway d exposure for adults (USEPA 1986c). 
Nevertheless, the tocluslon of this pathway may make up for other routes which 
were not assessed for aU chemicds such as home-grown vegetable togesUon of other 
chemicds besides metals. 

o Because of the limited quanUtaUve data on how actud human absorpUon rates 
., differ from the absorpUon rates assumed to computing EPA potency factors and 

AICs, we frequenUy made conservaUve assumptions to calculattog absorpUon for 
different routes of exposing. For example, 100% absorption was assumed for most 

- chemicds. to reaUty, metals Ingested to soU may be less bioavailable versus 
dissobed metals to soluUon fed to laboratoiy animals. 

d. TaxtiMcy Assessment and Risk Calculations 

o For carcinogens, the conservative assumption is made that some finite risk is 
associated with exposure to even one molecule of a compound. The approved 
potency slopes and acceptable daily totakes for chronic exposure are generaUy 
based on Itoear hlgh-to-Iow-dose extrapoIaUons. Because EPA potency slopes are 

. . based on upper 95% confldence limits and not on fitted model vdues. carctoogenlc 
risks may be overestimated (Slelken. 1987). to addition, detoxificaUon reacUons to 
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the body may significantly reduce the risk d cancer at low doses (Williams and 
Weisburger. 1986). Some chemicals such as PCBs are have been found to be tumor 
promoters rather than tumor initiators at low doses. 

o The EPA methodology also uses toterspedes extrapolaUon to develop toxicity 
crtteria. ff carctoogenlc effects have been shown to ariy spedes. the compound is 
classified as a possible or probable human carctoogen. In reaUty. some compounds 
that have been found to be animd carctoogens such as PCBs do not appear to~ 
cause SimUar effects to humans (USEPA 1986b). 

0 The EPA criteria used for the toxicity assessment and risk characterlzaUon steps are 
InherenUy conservaUve. Because d the numerous data gaps tovolved at aU levels, 
conservaUve assumpUons are mulUpUed at the various stages of these cdculaUons. 

o Because of lack d toxicity data on HPAH compounds. aU d these compounds were 
evduated as 100% benzolalpyrene. which is considered the potent of the 
carctoogenlc PAHs. 

o The cancer potency factors and risk estimates do not account for differences to 
treatabUity of cancers caused by dUIerent chemicds. For example, skto cancer, 
which can be toduced by arsedc. is considered to be much more treatable than 
other forms of cancer (USEPA 1984a). Assuming that treatablUty is the same for aU 
cancers does not affect the esUmaUon of cancer risk, but it does affect predlcUons of 
the survlvd rate assodated with cancers caused by different chemicds. 

o The hedth risks of exposure via inhdaUon of merciuy to fuglUve dust were 
conservaUvely assessed ustog the EPA criterion for merciuy vapor, which is 
absorbed and retatoed by Uie lungs to a greater extent than other forms of merciuy 
which are more likely to be present to dust. AbsorpUon of mercuty vapor is 
reported to be 80%. whereas absorpUon of other forms is estimated to be far less 
but has not been quantified (Berlin, 1986; ATSDR, 1989). Thus, risk estimates for 
mercuty InhalaUon are Ukdy to be overestimated. 

2. Factors Leading to an UnderesUmaUon of Risk 

a. Site Characterization 

o A risk assessment depends heavily on the quaUty and representativeness d 
sampltog data. Because prtodpaUy one company and the same todustiy have used 
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the site for most d its todustrid histoty. the historicd records of the property are 
likely to be more accurate than those from most todustrid dtes. Nevertheless, 
there is stlU a possibiUty that unsampled areas may contato some contamlnaUon as 
weU. The statisticd cdculaUons of an upper 95% level, however. wiU reduce some 
d the uncertatoty to the sampUng data. 

0 Suiface soU samples are from the upper foot. The possibiUty therdore exists that 
concentraUons may be higher at depth because of filling of the site. Residents, 
however, are more likely to be exposed to surface layers. 

b. Exposure 

o InhdaUon of the organic todlcator chemicds was not toduded to this risk 
assessment. The risks from this route of exposure were determtoed quaUtaUvely to 
be mtoor compeued to the ord and dermd pathways. 

o InhdaUon of metaUic mercuiy vapor could not be assessed because of the lack of . 
site data and uncertatoty to the amount present. On the other hand, mercury to 
dust was conservaUvely assessed as merciuy vapor, the more toxic form. 

o Vegetable uptsike rates of chemicals could not be adequately determtoed for aU 
chemicds. therefore risks from aU todlcator chemicds due to vegetable 
consumpUon could not be calculated. Vegetable uptake was quantified, however, 
for the chemicals that are the major determinants of dte risk. 

o Skto penetration by mercuty has been demonstrated for dfrect appUcaUon of some 
forms of mercuiy: however, the avaUable data are insufllclent to quantffy the 
amount that would be absorbed from soU. to some studies involving metaUic 
mercvuy. it was uncertato whether the tocrease to blood levels of mercury were due 
to skto absorpUon or to inhdaUon (USEPA 1984g). AbsorpUon d mercuric chloride 
appUed direcUy to the skto of laboratoty animals is reported to be 8% (Berlin. 1986). 
to reaUty, dermd absorpUon of mercuiy from soU is likely to be far less than for 
dfrect appUcaUon d merciuy to skto, because merciuy complexes and strongly 
btods to soU particulates, thereby greatly reducing its mobiUty (USEPA 1984e). 

c Toxicity Assessment and Risk Characterization 

o The locd effects d dermd exposure to chemicals could not be evduated because of 
the lack of an estabUshed EPA method and quanUtaUve criteria to evduate dermd 
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exposure. This underestimates the risk to chemicals such HPAHs which have been 
shown to cause skto tumors via chronic dermd exposure to skto patoting tests of 
rodents (lARC, 1983). todlvidud PAH compounds have not be shown to be 
carotoogenic to humans: however, long-teim exposure to PAH mixtures to workers 
has been shown to result to skto cancer (USEPA 1984fl. 

o Criteria were not avaUable for aU chemicds. Thus, the risks due to m-nltroaniltoe 
and unchlortoated dibenzofuran and dibenzothiophene could not be quanUtaUvdy 
assessed, to the low concentraUons present, however, these chemicds are not 
Ukely to be a hedth concem relaUve to the other todlcator chemicals. The current. 
Uterature todicates that these chemicals are not carctoogenlc and therdore would 
not add to the overaU carctoogenlc risk for the site. 

3. Factors With Unknown ContribuUon to Uncertatotv 

o. Hazard Identification 

o ReacUons to the environment could result to new compounds with dther more or 

less toxidty than the precursors. 

0 Because the future use d the property is unknown, different scenarios were selected 
to assess risks for possible uses. AU of the assumpUons made conceming the 
routes and duraUon of exposure wUI contribute to the uncertatoty of the 
assessment. To quaUfy this uncertatoty. both "typicd" and "worst-case" risks are 
presented to cover a variety of possUsle exposure scenarios. 

o It is assumed that the most toxic chemicals and those present to the greatest 
quanUUes have been idenUfied as todlcator chemicds. but to the absence of 
exhausUve soU sampling efforts it is impossible to detenntoe whether or not this is 
the case. 

b. Exposure 

o The modeling uncertatoUes to the exposure calculaUons wlU result to assumed 
exposure potot concentraUons which are too high at some locaUons. and too low at 
others. 

o Assumptions are made about behavior, such as outdoor play and gardentog, which 
may not accurately account for actud exposures. 
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c. Toxictty Assessment and Risk Characierization 

o to screentog for todlcator chemicals, severd chemicds, such as phthdate esters, 
currently lack EPA-approved criteria that quanUtatively describe their toxicity. In 
order to characterize the toxicity of these chemicals, we used dtematlve approaches 
which contribute addlUond uncertatoty^ 

0 todlcator chemicals may have synerglsUc or antagonisUc toteracUons which could 
tocrease or decrease thefr toxidty. For example, some metds such as ztoc and 
sdenlum decrease the uptake and toxicity of other chemicds like cadidum (Goyer. 
1986). 

o When the responses from high-dose animd toxicity studies are extrapolated to low 
doses to humans, an uncertatoty factor of 100 or greater is appUed to the no-
observed adverse-effect-level (NOAEL) to determtoe an acceptable (or "sde") dose for 
humans. The more uncertato the data, the greater the uncertatoty factor. Although 
these EPA guldeltoe are likely to overestimate of the risk to most cases, the 
relaUonshlp to the actud risk is unknown because of UmltaUons to the avaUable 
data. 

D. SUMMARY 

Evety aspect of risk assessment contains significant sources of uncertatoty. to each step , ' 
assumpUons are made so that the total risk can be estimated quanUtaUvely. The exact 
degree of uncertatoty cannot be quantified. In terms of protecting pubUc hedth, however, 
preventing underesUmaUon of the risk is far more important than cdculatlng the exact risk 
for a given populaUon. For this reason, "worst-case" risks are predicted which are unlikely < 
to underestimate the risk to the most exposed todividuds. and "typicd" risks are cdculated . | 
as a more reallsUc (but stUl conservaUve) comparison of site risks. It is therefore 
understood that foUowtog EPA risk assessment methods wiU likely overestimate the actud \ ) 
risk to public hedth and the environment j 
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1.0 INTRODUCTION 

The objectives of the Remedial Investigation/Feasibility Study for the ASARCO 

Tacoma Smelter are: 

(1) to determine fully the nature and extent of the threat to the 

public health or velfare or the environment caused by the r e l e a s e 
'- or threatened release of hazardous substances, pollutants or 

cont ami iicuits from the site (the remedial investigation), and 

(2) to evaluate altematives for the appropriate extent of the removal 

) and/or site stabilization to prevent or mitigate the migration or 

release or threatened release of hazardous substeuices, pollutants, 

I or contaminants from the site (the feasibility study). 

{ As a first step in the remedial investigation, a scoping process v a s 
> undertaken. Existing data vas collected and evaluated, information on the 

history of the site vas revieved, and data needs established. This initial 

activity served to summarize and compile vhat is knovn about the site, and to 

provide a preliminary evaluation of data needs for full site 

/ characterization. In addition, preliminary identification of general 

response actions are addressed. This understsuiding of the site formed the 

j basis for developing the sampling plans in Task 2: Plans and Management. 

, The Task 1 report is divided into the folloving sections: 

o Site Description 

o Site History 

o Nature and Extent of the Problem 

0 Site Boundary 

o Initial Remedial Meaisures 

0 Potential General Response Actions 

L 0 Data Needs 



2.0 SITE DESCRIPTION 

2.1 Facility Ownership and Description 

ASARCO, Incorporated, a Nev Jersey Corporation, ovns the ASARCO Tacoma Copper 

Smelter located in Ruston and Tacoma, Washington. Approximately 97 acres of 

land are ovned by ASARCO, vith the smelter facility occupying approximately 

67 acres (see Figure 1). The site borders Commencement Bay, the Tovn of 

Ruston and nearby urban Tacoma. Surrounding land use is primarily suburban 

residential vith nearby recreational and commercial land uses. 

The Tacoma plant site had been used for smelting operations since 1890. In 

March 1985, the smelter v a s closed due to poor economic conditions for copper 
smelting £uid high pollution control costs. The arsenic plant remained in 

operation through Jeuiuary 1986. Existing activity on the site consists of 

loading arsenic trioxide for shipment, acid sales, dismantling of equipment 

for sale or storage, maintenauice and administrative functions, and cleanup 

activities specified in the Site Stabilization Plan approved by EPA as an 

Initial Remedial Measure (Attachment A to the Administrative Order on 

Consent). 

During the active life of the Tacoma plant, its primary product v a s anode 

j copper vhich vas refined on-site until 1979. Since that date and until 

closure of the smelter operations in 1985, the anode copper vas rail-hauled 

( to an ASARCO refinery in Texas. By-products of the copper smelting process 

'•• included sulfuric acid, liquid sulfur dioxide, arsenic trioxide, and arsenic 

, metal. In addition, the smelting process created a molten slag vhich vas 

( poured on the ground and at the vater's edge as fill material. Recovery and 

sale of slag for use in sandblasting, riprap, road ballast and ornamental 
f 
I rock vas handled by Industrial Mineral Products, Inc. 

i An understanding of the copper smelting process, the components of the plant, 

and hov/vhere specific functions took place provide a basis for determining 
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appropriate remedial actions. Figure 2 shovs existing or recent buildings on 

the site. Figure 3 is a flov diagram of the smelting process. 

The folloving description of the copper concentrate smelting process vas 

tsdcen from ASARCO'S fact sheet on the plant: 

COPPER CONCENTRATE SMELTING PROCESS 

Copper-bearing ores and concentrates, along vith the various 

fluxing materials used in the process, vere received in the 

unloading area. Each material vas carefully veighed and sampled so 

that an accurate accounting of the material could be maintained. 

The various materials vere placed in large bins inside the 40,000-

ton storage building. Utilizing the assays of the material in each 

bin, and knoving the desired charge msdce-up, the fumace 

metallurgist provided a recipe of materials required for the 

craneman to place in the mix pile and ultimately on the belts to 

the Herreshoff roasters. 

The Herreshoff roasters are large 20-foot diameter cylindrical 

furnaces about 70 feet tall vith multiple decks on vhich air cooled 

arms rotate and plov the material to either the inside or outside 

of the deck. The material vas heated as it moved dovnvard on 

successive decks and some sulfur driven off. The resultant 

product, knovn as calcine, vas run into small cars that hauled the 

calcine to the reverberatory furnace. 

The reverberatory fumace Is a large rectangular refractory lined 

box about 115 feet long, 35 feet vide and contained molten material 

to a depth of about 50 inches. The calcine vas charged to the 

fumace through pipes on the side of the fumace. Smelting of the 

charge mixture resulted vhen heat from the seven oil or gas fired 

burners contacted the charge. The temperature vas about 2800°F. 

The temperature at the back end of the furnace vhere the uptakes 
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directed the gases through vaste heat boilers for the production of 

steam reached about 2500° F. The metallurgical reactions deposited the 

copper-iron-sulfide mixture, or matte, as the bottom layer of molten 

material vith the slag consisting of iron silicates floating on top. 

The slag vas skimmed in ladle type cars for transport to the slag dump. 

The matte, vhich contains copper, gold, silver, and small qusuitities of 

various other metals, vas carried in 15-ton capacity ladles by overhead 

cranes to the converters for further purification. 

The converters are refractory-lined, steel-shelled, cylindrical 

vessels approximately 13 feet in diameter and 30 to 35 feet long. 

The—convjerlers could be rotated about the long axis. Lov pressure 

-air (15 psi) vas blovn through the bath to drive off the sulfur and 

to oxidize the iron. The reaction in the converter is exothermic, 

-that is, it creates its ovn heat as the air oxidizes the molten 

material. The resulting product, blister copper, vas about 98^ 

copper 2uid vas transferred to the anode furnaces for further 

purification. The slag vhich vas skimmed off the converter vas 

retumed to the reverberatory fumace as it contained some copper. 

The cuiode furnaces are refractory-lined, steel vessels of about 150 

to 170-ton capacity. Blister copper vas poured into the furnaces 

using the large overhead cranes. The blister copper vas refined 

using chemicals auid then the excess oxygen vas removed by 

-submerging "green" poles in the hot blister bath to reduce the 

blister to copper. Then, the copper vas cast into anodes by 

tilting the furnace so as to pour the copper into anode molds. The 

anodes veighed about 750 pounds each and vere shipped to the 

Amarillo Copper Refinery from 1979 until plant shutdovn. Before 

1979 an electrolytic refinery located on-site vas used to refine 

the copper anodes. 

The gas streams from the reverberatory fumace and the euiode 

furnaces'passed through the electrostatic precipitators at the base 

of the stack vhich collected the dust. This dust and the dust 
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collected in the large baghouse (a huge vacuum cleaner) on the 

Herreshoff roasters made up the charge for the arsenic oxide plant. 

These dust collection devices recovered 99-t- percent of the dust in 

the gases. Roasting this dust produced a by-product of salable 

arsenic trioxide. Also, arsenic metal vas produced from arsenic 

trioxide. 

The gases from the converter operation vere of a concentration and 

volume that sulfur dioxide (SO2) could be removed in the chemical 

plants. 

The Supplemental Control System (SCS) and Meteorological 

Curtailment Program (MCP) vere instrumental in enabling the Tacoma 

Plant to comply vith Federal, State, and local regulations 

regarding ambient air standards for sulfur dioxide. This program 

euid associated system vas implemented in 1970 to monitor, predict 

and respond to meteorological conditions vhich vere not conducive 

to rapid dispersion of SO2 emissions. When forecasted 

meteorological conditions vere unfavorable for dispersion, 

production curtailment could be initiated so that ambient air 

quality could be maintained. The program required the development 

of an Emission Control Center vith a staff of meteorologists and 

techniclcuis. Monitoring stations at the facility generated data 

vhich vere computerized cuid compiled vith other meteorological data 

from the Tacoma area as veil as data on plant operations to 

forecast potential air quality problems. 

POLLUTION CONTROL FACILITIES: 

Cottrell Electrostatic Precipitators; First installed in 1915 for 

removal of particulate matter in the smoke stream, this 

installation vas modernized many times over the years and is 99.53[ 

efficient. 

I Sulfuric Acid Plant: Built in 1948, this plant produced 100 to 

150-tons of acid per day removing about 17Z of the process sulfur. 
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Liquid Sulfur Dioxide Plant; Built in 1974, this plant removed 

sulfur dioxide from the converter gas stream and compressed and 

condensed it to a liquid form at a daily rate of about 150 tons of 

liquid sulfur dioxide. 

Sevage Collecting Svstem: Constructed in 1971, the system vas 

connected to the City of Tacoma system vhen the primary treatment 

plant on Ruston Way vas completed. 

Process Water Recirculation Svstem: Built in 1974, this system vas 

designed to recycle all process vater to prevent discharge into 

Puget Sound. 

Cottrell Dust Handling Svstem; Installed in 1975, this system 

h£uidled all dust in completely closed and ventilated systems. 

Herreshoff Roaster Baghouse; Installed in 1978 for processing 

roaster gases. 

Anode Emission Control Svstem; Installed in 1979 for dust removal 

from all anode gases. 

Godfrev Roaster Baghouse: Installed in 1983 for processing arsenic 

department gases. 

Converter Secondary Hooding; Installed on the No. 4 converter in 

1982 to reduce fugitive emissions from converters. 

Godfrev Calcine Conveving Svstem: Installation during 1983 to 

convey Godfrey roaster calcines to the Herreshoff roasters in a 

totally enclosed system. 



2.2 ^drogeology 

This section presents an evaluation of the regional and project site 

hydrogeologic conditions for the ASARCO-Tacoma facility. The regional 

hydrogeology subsection contains a description of regional geologic units, 

and their hydrogeologic, vater supply and vater quality characteristics. 

The hydrogeology of the project site is presented in the second subsection. 

The geologic units presented for the project site area are identified auid 

correlated to the regional geologic units. Specific site conditions 

pertaining to groundvater flov and vater quality are discussed. 

2.2.1 Regional Hvdrogeologv 

For the purpose of this evaluation, the discussion of regional geology is 

limited to the knovn geology in a portion of the "Fircrest-North Tacoma" 

groundvater region, as defined by Walters and Klmmel (1968), 2uid depicted 

on Figure 4. The entire Fircrest-North Tacoma. area is underlain by roughly 

similar geologic auid groundvater conditions. Much of the region is a poorly 

drained upland drift plain of moderate relief, rsuiging in altitude from 

about 200 to 400 above sea level. The region is underlain by unconsolidated 

sediments that extend to a depth veil belov sea level. The upper portion of 

the upland drift plain vas formed by glacial and glaclofluvial processes 

vhich deposited till and outvash. The drift plain is terminated on the 

north, east and vest by Puget Sound vhich is the regional groundvater 

discharge point. 

2.2.1.1 Stratigraphy 

Several regionally recognized geologic units are present in the 

Fircrest-North Tacoma Region vhich comprise the regional stratigraphy. The 

character of these units vas assessed based on description of surface 

exposures and veil log data. The folloving is a description of the geologic 

units, presented oldest to youngest, that occur in the region vith emphasis 

on the hydrogeologic characteristics of each unit. A Regional Geologic Map, 
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Geologic Cross Sections and a Summary of Regional Geologic Units and 

Groundvater Characteristics are presented on Figures 5 through 7. 

Pre-Salmon Springs Undifferentiated (Qpu) 

Pre-Salmon Springs undifferentiated deposits consist of unconsolidated evenly 

bedded blue clay that locally contains peat and thin beds of fine sand. 

These deposits are exposed at or near sea level In the north end of the 

region. The thickness of the clay and underlying unconsolidated deposits of 

interbedded sand and gravel (unknovn age) is in excess of 2000 feet (Griffin 

et al. 1962). These deposits are thought to pre-date Salmon Springs Drift 

(see belov) but no attempt is made to subdivide or correlate these deposits. 

These deposits may yield vater to deep veils that extend belov the clay. 

Salmon Springs Driftf?^ (Qss) 

Salmon Springs Drift consists mostly of stratified sand and gravel containing 

thin discontinuous beds of silt and clay. Lenses of till are present but no 

extensive till sheet has been observed. The unit is tentatively correlated 

to Salmon Springs Drift of Crandell et al. (1958). Locally the finer grained 

portions of the unit act as a barrier to dovnvard percolation of groundvater, 

and lateral movement of vater along its upper surface is responsible for 

numerous springs in other areas of the vestern Puget lovland. Stratified 

sand and gravel vithin Salmon Springs Drift acts locally as a productive 

aquifer. Within this region, the unit has limited surface exposure and its 

subsurface extent Is unknovn. 

Kitsap Formation (Qk) 

The Kitsap Formation consists of three parts; sand and gravel at the base, 

fine sand and silt in the middle, and clayey sand and gravel at the top 

(Sceva 1957; Molenaar 1965). The basal gravel is relatively free of silt and 

clay, is of unknovn thickness, and is overlain by beds of clay, silt and fine 

sand 

12 



A S A R C O • PsrBmetn lx , Inc. • Ham; C r o w s e r 

SCALE IN FEET 

2.000 4PO0 

Geologic Contacts 

A A Regional Cross Section 
Location arxj Designation 

Figure 5. 
Regional Geologic Map 



A S A R C O • P e r s m e t r l x , Inc. • H a r t C r o w s e r 

frB' INTERSECTION 

A POINT DEFIANCE 

300n 

-300 

Qvr.Qgu uvr.ugu —i 

PROJECT 
SITE AREA 
< - > • 

Qvt 

Qva.Qc 

Qpu 

-300 

B SALMON BEACH 

3 0 0 T 

-300-

COMMENCEMENT 
BAY 

B' 

rSOO 

Ma-

AA' INTERSECTION 

-300 

Geologic Units 

Qgu| 

Fill 

Recessional Sand and 
Undifferentiated Sand 
and Gravel 

IQva lOc I 

|QS8 I 

Till 

Advance Phase Sand 
and Silt 

Kitsap formation 

Salmon Springs Drift 

Pre-Salmon Springs 
Undifferentiated 

HORIZONTAL SCALE IN FEET 

0 3,000 6.000 

0 300 600 

VERTICAL SCAl£ IN FEET 
(VERTICAL EXAGGERATION x 10) 

Notes: 1. Refer to Figure 5 tor 
Cross Section Locations 

2. Refer to Figure 7 for 
Explanation of Geologic Units 

3. Geologic Interpretatton Based 
on Mapping by Walters and Klmmel, 1968. 

Figure 6. 
Regional Geologic 
Cross Sections ArA' and B-B' 



A S A R C O A P a r a m e t r i x , Inc. • H a r t C r o w s e r 

REGIONAL UNITS GROUNDWATER UNITS PROJECT SITE UNITS GROUNDWATER UNITS 

t 
cc 
Q 
z o 
X 

Ma 

Qvt 

Qva 

Qc 

Qk 

Qss 

Opu 

FILL 

Vtetwn Recessional 
Phase SAND and GRAVEL 

\^»honTILL 

\tohon Advance Phase SAND 

Vashon Advance Phase SILT 

KnSAP FORMATION 

SALMON SPRINGS DRIFT 

PRE-SALMON SPRINGS 
UNDIFFERENTIATED 

SHALLOW AQUIFERS 

AQUITARD 

INTERMEDIATE AQUIFER 

AQUITARD 

AQUITARD/AQUIFER(7) 

DEEP AQUIFERS 
and AQUITARDS 

DEEP AQUIFERS 
and AQUITARDS 

d 
tL. 

t 
Q 
Z 

o 
X 

Ma 

F s / 

/ F g 

Fw 

Ms 

Qvro 

Qvt 

Qval 

Qva2 

§ 

1 
UJ 
oc 
0. 

Qk 

Qkl 

Qk2 

Qk3 

Qpu 

Qpul 

Qpu2 

SLAG RLL 
GRANULAR FILL 

WOOD WASTE FILL 

MARINE SILT 

\ ^ h o n Recessional Phase 
SAND and GRAVEL 

V&shon TILL 

\feshon Advance Phase 
SAND 

\Mshon Advance Phase 
SILT 

Upper Unit Clayey GRAVEL 

Middle Unit Clay, Silt 
and SAND With Peat 

LoMier Unit Sandy GRAVEL 

Upper Unit SAND 

Lower Unit Hard 
Clayey SILT 

RLL UNIT 

RLL UNIT 

AQUITARD 

RECESSIONAL AQUIFER 

AQUITARD 

ADVANCE AQUIFER 

AQUITARD 

AQUITARD 

AQUITARD 

UNKNOWN 

DEEP AQUIFERS 

AQUITARD 

Figure 7. 
Summary of Regional and Project Site 
Geologic Units and Groundwater Characteristics 

file:///tohon
file:///feshon
file:///Mshon


(middle unit). The upper portion of the Kitsap Formation is mainly a clayey 

gravel. The maximum observed thickness of the entire unit is 150 feet. 

The lover unit (basal gravel) of the Kitsap Formation contains beds of 

relatively permeable sand and gravel vhich are probably capable of yielding a 

significant amount of vater to veils vhere saturated. The middle and upper 

unit of the formation are too fine-grained for them to be good aquifers and 

locally they retard the dovnvard migration of groundvater from the overlying 

Vashon drift. 

Vashon Drift 

The Kitsap Formation is overlain by a variable thickness of drift deposited 

during the Vashon stade of the Fraser Glaciation (Armstrong et al. 1966). 

The drift records the advance and retreat of glacier ice into the Puget 

Lovland betveen 17,000 and 13,500 years ago. Vashon Drift, as described 

here, consists of an advance phase and a recessional phase. 

Advzmce Phase (Oc. Qva. Qvt) 

The advance phase consists of a geologic sequence of variable thickness that 

is divided into three units, a basal lacustrine silt and clay unit (Qc), 

grading upvards into a sand £Uid minor gravel unit (Qva), 2Uid a till unit 

(Qvt). The basal silt and clay unit is thinly bedded, gray in color, and of 

relatively lov hydraulic conductivity. 

The top of the silt and clay unit progressively grades into a clean fine to 

medium sand unit (Colvos Sand of Noble and Vallace 1965). The sand unit 

grades vertically to fine to coarse gravel. Advance phase outvash deposits 

range from 0 to over 100 feet in thickness. 

The Vashon basal lacustrine silt and clay unit (Qc) acts as an aquitard vhich 

retards the vertical migration of groundvater from overlying sand and gravel. 

Advance phase s£uid and gravel (Qva) is the most important source of supply 

for domestic veils in much of the region. Vater from this unit locally 
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discharges as springs in valleys and beach bluffs vhere underlain by adveuice 

lacustrine silt and clay or other deposits of lover hydraulic conductivity. 

Till (Qvt) deposited at the end of the adveuice phase is presently occurring 

throughout most of the region as a "blanket deposit" mantling older units. 

The till unit is a very compact (dense), poorly sorted mixture of gravel, 

seuid, silt 2uid clay. Till is £ui inadequate source of groundvater due to the 

high silt and clay content aind degree of compactness. 

Recessional Phase (Qvr. Qcru) 

The recessional phase of the Vashon drift consists chiefly of sand (Qvr) and 

sand and gravel (Qgu). These deposits overlie till and occur at the ground 

surface. The seuid and gravel unit is generally veil drained and loose. Most 

shallov veils in the vicinity tap groundvater in this unit perched on till. 

Vater supply is directly influenced by rainfall and supply of vater may not 

be enough to last through dry seasons. 

2.2.1.2 Water Supplv 

Veils in the region tap groundvater bearing zones (aquifers) in the geologic 

units previously described. The geologic units have been divided into three 

aquifers (shallov, intermediate, deep) for discussion purposes as shovn on 

Figure 7. Figure 8 shovs the locations of existing veils and springs in the 

region used in this study. These veils vere compiled from literature 

research and reviev of state veil records. Other unrecorded veils may be 

present in the area. 

Shallov Aouifer 

The shallov aquifer in the region, a s used herein, occurs in the recessional 

phase sand and gravel unit, perched on or in till. Regionally, this aquifer 

yields lov quantities of vater to veils. During the drier portions of the 

year, shallov veils vhich tap the shallov aquifer unit may "dry up". 
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Intermediate Aquifer 

The intermediate aquifer consists of the advatnce phase sand and gravel unit 

vhich occurs in a zone ranging from about 100 to 250 feet above sea level. 

Veils that tap the intermediate aquifer are very productive, yielding 

moderate to large volumes of vater. The. average hydraulic conductivity of 

this aquifer has been reported to be about 0.01 to 0.05 cm/sec (Brovn and 

Caldvell 1983). 

Groundvater from this aquifer discharges as springs vhere these units rest on 

lov permeability silt and clay and are truncated by sea cliffs or stream 

channels. The tvo largest springs are Mason Gulch Spring (used by the City 

of Tacoma until 1930) and an unnsuned spring to the south. These tvo points 

serve as examples of points of groundvater discharge in the region. The 

intermediate aquifer appears to be predominantly confined. 

Deep Aouiferfs'^ 

Vater from the deep aquifer(s) is obtained from gravelly zones that extend 

from about sea level to a depth of 100 feet or more belov sea level. These 

aquifers occur in Salmon Springs Drift(?) or older unconsolidated deposits 

£Uid are generally confined. Veils tapping these aquifers yield moderate to 

large volumes of vater. 

2.2.1.3 Groundvater Flov. Recharge and Discharge 

Potentiometric surface maps for the intermediate and deep aquifers are 

presented on Figures 9 and 10. The contours shovn are based on linear 

interpolations betveen knovn point values of potentiometric head elevations 

and interpretation of the regional geology. Groundvater flovs generally 

perpendicular to the groundvater elevation contours. The potentiometric head 

values vere estimated from data contained in existing reports (VDOE veil 

records, Brovn and Caldvell 1983, Valters and Klmmel 1968). 
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The maps indicate that the predominant groundvater flov direction vithin both 

the intermediate and deep aquifers occurs tovard the Tacoma Narrovs, Puget 

Sound and Commencement Bay. The average head elevations in the intermediate 

aquifer appear to be higher than that of the deep aquifer indicating the 

potential for dovnvard movement of groundvater from the Intermediate to the 

deep aquifer in the upland area. 

Recharge to the shallov and intermediate aquifers occurs through infiltration 

cuid dovnvard percolation of local precipitation based on geology and 

configuration of the intermediate aquifer potentiometric surface. Recharge 

rates from local precipitation are estimated to be on the order of 7 to 16 

inches per year (Hart Crovser 1985). 

Recharge to the deep aquifer occurs from local vertical percolation of 

groundvater from the Intermediate aquifer and lateral groundvater migration 

from the southern portion of the Region. This conclusion Is based on the 

configuration of the deep aquifer potentiometric surface, higher groundvater 

elevations in the intermediate aquifer as compared vith the deep aquifer, and 

experience in other geologically similar areas. 

Groundvater discharge occurs by spring flov and subsurface groundvater flov 

into small tributaries and Puget Sound. Shoreline areas located along the 

perimeter of the Fircrest-North Tacoma Region likely are groundvater 

discharge zones. In these areas, it can be expected that vertical hydraulic 

gradients in the deeper deposits (deep aquifer) vill be in £Ui upvard 

direction. This is supported by the occurrence of several veils vhich 

naturally flov at the surface if left uncapped (Valters and Kimmel 1968). 

Floving veils are not shovn on Figure 10 and vere not used in the 

constxruction of Figure 10. 

2.2.1.4 Groundvater Quality 

The available regional vater quality data are summarized in DSHS (1980) and 

Brovn and Caldvell (1983). The folloving paragraphs are a brief summary of 

the results of these studies. 
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The natural, regional groundvater quality is good and is generally vithin 

Vashington State Drinking Vater Standards for Class 1 vater systems. 

Hovever, based on our experience vith glacial deposits in other areas of 

Puget Sound, iron and mangsuiese concentrations commonly exceed drinking vater 

standards and these exceedsuices may be present in the region. 

The vater quality in the region has declined in recent decades as a result of 

urbanization as Indicated by increased levels of nitrates, chlorides, and 

total dissolved solids. The regional shallov and intermediate aquifers have 

experienced an increase in contaminant levels, indicating that both aquifers 

are vulnerable to contamination although no specific data exists for the 

project area. 

The shallov aquifers are the most highly susceptible to potential 

contamination because in meuiy areas there is no overlying, continuous, 

geologic barrier to restrict dovnvard migration of contsimlnants. The shallov 

aquifers can also be an avenue for potential contamination of the 

intermediate aquifer systems vhere underlying lov permeability geologic units 

do not occur. The deeper aquifers are less susceptible to direct 

contamination. 

2.2.2 Project Site Hvdrogeologv 

Site specific variations in topography, stratigraphy, and man induced 

modifications influence the site hydrogeology. The project site 

hydrogeologic conditions are generally similar to regional conditions, 

although site specific variations exist. 

o 

Hydrogeologic Interpretations presented in this section are based on 

preliminary findings and conclusions dravn from analysis of existing 

subsurface data, published geologic reports, previous site specific geologic 

mapping and other available data. These Interpretations are subject to 

change as additional data become available. This section contains a 
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description of the site topography, stratigraphy, aquifers, groundvater flov, 

and vater quality. 

2.2.2.1 Topographv 

Many of the smelter facilities are located on reclaimed tide flats at the 

base of sea cliffs on Commencement Bay. The sea cliffs are composed mostly 

of advance phase deposits of the Vashon stade (glacial recession) and rise 

from sea level to an elevation of about 200 feet. A reentrant in the sea 

cliffs is present in the middle of the facility auid structures are present on 

the sea cliffs on either side of the reentrant (Figure 5). 

The former tidelsuids at the bcise of the sea cliffs vere gradually reclaimed 

by the placement of fills. Fill materials include vood chlp/sav dust vaste, 

used brick in a sand matrix, and smelter slag. Fill materials have been 

placed to an elevation of about 20 to 25 feet (MSL) on reclaimed tideland. 

The approximate position of historic and pre-development shorelines are 

presented on Figure 11 a s determined from old plant dravings and 

interpretation of subsurface data. 

The topographic reentrant in the sea cliffs has been modified by street and 

railroad construction, and little of its original surface expression is 

preserved. The reentramt takes the form of a gulch (Figure 5) vith a floor 

elevation of about 50 feet, although the gulch is not supported by a 

significant drainage basin. This gulch is thought to have been formed by 

spring sapping and subsequent erosion (spring sapping is a geologic process 

that occurs vhen springs discharging from the base of slopes result in 

locedly unstable conditions and the slope responds by slumping and retreat). 

2.2.2.2 Stratigraphy 

For purposes of this discussion, the stratigraphy of the project site is 

presented in four functional area groupings ordered from oldest to youngest; 

the pre-Vashon geologic units exposed and at present belov sea level, Vashon 

units exposed above and encountered belov sea level, post-Vashon units 
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present belov sea level, and fills. The surficial geology of the project 

site is presented on Figure 12. Geologic cross sections of the site are 

presented on Figures 12 and 13. A summary of the project site geologic units 

and groundvater characteristics is presented on Figure 7. The cross sections 

vere prepared using boring log data contained in site geotechnical reports. 

Boring locations and data sources are presented on Figure 11. 

Pre-Vashon Geologic Units (QDu/Qk'> 

Pre-Vashon age geologic units beneath the project site consist of a saturated 

sand overlying hard silt (Qpu), and hard, peaty, sandy silts overlying gravel 

(Qk) and hard clay. These deposits vere encountered in deep sind shallov 

borings in the eastem portion of the project site and are exposed at sea 

level and In shallov borings in the vestem portion of the project site, 

respectively. 

Saturated sand (Qpul) overlying hard silt (Qpu2) vas encountered in borings 

(greater than 100-feet deep) on top of the sea cliffs in the southem portion 

of the project site. The sand unit is tentatively correlated to similar 

deposits exposed to the vest at Salmon Beach and to the north along the beach 

on Point Defiance (Figure 5) all of vhich are interpreted to be pre-Salmon 

Springs age. Vhere encountered, the saturated sand unit is about 10 to 15 

feet thick. The hard silt unit is in excess of 60 feet thick. Existing 

subsurface data suggest that the dip of the erosional surface of these 

deposits is to the east and north. These units do not appear to have been 

encountered in shzdlov borings in the vestem one-third of the project site. 

A hard, peaty, sandy silt unit overlying gravel and a hard clay unit are 

exposed near sea level and encountered in shallov borings in the vestem one-

third of the project site. These units are tentatively correlated to the 

Kitsap Formation (Qk). 
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Vashon Geologic Units 

The geologic units exposed at the project site vere generally deposited 

during the advauice and recessional phases of the Vashon stade of Fraser 

Glaciation. The silt unit (Qva2) of the advance phase is exposed at sea 

level up to an elevation of about 150 feet. The top of the silt unit is 

delineated in the field by the occurrence of springs. This silt unit is 

overlain by as much as 60 feet of the fine to medium sand (Qval) of the 

adv2uice phase sand unit vhich occurs up to elevations of 200 feet. Till 

(Qvt), vhich occurs stratigraphically above the silt and sand units, is 

present at lov elevations in the vestern portion of the project site euid is 

not observed in depositional contact vith the advance silt cuid sand imits. 

The recessional phcise sandy gravel unit (Qvro) overlies the till unit. 

Post-Vashon Geologic Units 

Post-Vashon geologic deposits in the project area are chiefly marine silt suid 

sauidy silt auid are considered ais one unit (Ms). The deposits occur belov 

man-made fills that comprise the reclaimed tide land portion of the site. 

Fills are described separately. The marine silt contains shell fragments and 

abundant organic material. The estimated landvard extent of the marine 

deposits is presented on Figure 12. Seavard thickening is indicated by 

subsurface data. 

Fills 

Three general classes of fills have been identified beneath the project site 

vhich include: smelter slag (Fs), granular fill vith brick vaste (Fg), and 

vood vaste (Fv) (Figure 12). Slag has been used for reclaiming tide lands 

and for road base. The textural and compositional characteristics of the 

slag fill is extremely variable. Slag is knovn to be in excess of 30 feet 

thick on the e a s t edge of the bay fill and thins to the vest. 

Granular fill has been observed in borings near the base of the sea cliffs 

£Uid consists of placed fills and construction debris. Fill consists of silty 
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ssuid vith bricks to gravelly s a n d . The distribution, thickness and 

composition of these fills is only generally knovn. 

Vood vaste fill consisting of sav dust and vood chips has been observed in 

borings on the southem portion of the reclaimed tide landfill. Vood vaste 

fill, as encountered in borings, ranges from 2 to 12 feet thick. The vood 

vaste is overlain by as much as 15 feet of sleig. 

2.2.2.3 Subsurface Soil Quality 

Information regarding subsurface soil quality on the project site has not 

been identified. Hovever, considerable information is available regarding 

the chemical composition of the slag. The copper reverberatory slag that 

comprises a major subsurface unit beneath the site is predominantly a glassy 

ferrosilicate vith variable trace metal content. The chemical composition of 

the slag is summarized in Table 1. 

Table 1. Composition of copper reverberatory slag. 

Element 

Lead 
Copper 
Zinc 
Arsenic 
Antimony 
Nickel 
Silicate (as Si02) 
Iron 
Calcium (as oxide) 
Sulfur 
Magnesium (as oxide) 

Ave. 
Conc'n. X 

.63 

.51 
2.48 
1.15 

.47 

.05 
37.7 
32.7 
7.5 
0.4 
1.48 

High X 

.86 

.59 
2.92 
1.47 

.68 

.08 
38.6 
33.0 
8.0 
0.8 
1.66 

LovZ 

.36 

.43 
1.45 

.89 

.34 

.03 
36.6 
31.9 

6.6 
0.1 
1.00 

Source: ASARCO Material Safety Data Sheet (1982) 
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The composition of subsurface slag is likely similar to that of slag S£unples 

previously tested. Post-depositional alteration may have resulted in 

chemical changes to the subsurface slag. Additionally, surface discharges of 

chemicals may have Influenced subsurface soil quality. 

2.2.2.4 Groundvater Units 

The site materials have been divided into four groundvater units for 

discussion purposes. These include: fill unit, shallov aquifer, 

intermediate aquifer, and deep aquifer. 

Fill Unit 

The fill groundvater unit as defined herein lies vithin the three types of 

fills identified on the site. The hydrogeologic characteristic of the fill 

is heterogeneous due to the variable textural and compositional make up. The 

unit is recharged from lateral discharge of groundvater from the shallov and 

intermediate aquifers and infiltration from direct precipitation. 

Groundvater flov in this aquifer is likely influenced by tidal fluctuations 

In Commencement Bay. The fill groundvater unit is interpreted to overlie 

recent marine silts and other older units. 

Recessional Aquifer 

The recessional aquifer is the Vaishon recessional phase sandy gravel unit 

(Qvro) vhich rests on till. Groundvater in this aquifer is perched on 

underlying till. This aquifer is restricted to the northvest portion of the 

project site that approximately coincides vith the parking lots and 

administration buildings. 

Advance Aquifer 

The Vashon advance phase sand unit (Qval) is the advance aquifer In the 

project site area. The aquifer occurs in the sea cliffs and extends from eui 

elevation of about 60 feet up to an elevation of 200 feet and occurs south of 
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the Nelson-Bennet Tunnel. Groundvater from this aquifer discharges a s 

springs along the railroad tracks that approach the tunnel, in the gulch, and 

at similar elevations around the sea cliffs to the south. 

Deep Aquifer(s) 

Little is currently knovn about deeper aquifers beneath the project site. A 

suspected confined aquifer, the upper sand unit of pre-Salmon Springs 

deposits (Qpul), occurs in the upland above the project site betveen 80 to 

100-feet in elevation. The potential for aquifers to be present vithin the 

Kitsap Formation (Qk) also exists. 

2.2.2.5 Groundvater Flov 

The site geologic conditions and other available data indicate that 

groundvater beneath the site flovs tovard Commencement Bay. Flov generally 

occurs vithin the relatively higher permeability materials (Fills, Qvro, 

Qval) vhich overlie lover permeability silt and clay (Qpu2, Qk, Qvci2). 

Recharge to the site occurs through infiltration of precipitation (not 

collected as runoff) and as lateral flov of groundvater onto the site from 

the Vashon adveuice and recessional aquifers. Groundvater flov flovs onto the 

site either as surface flov or as spring discharge vhere the contacts betveen 

"lov" and "high" permeability materials are exposed at the surface. 

Based on vater table measurements (ERTEC 1984), a conceptual vater table 

contour map for the fill vas developed for the vestem portion of the site 

(Figure 14). The contours shovn are based on the linear interpolation 

betveen point values of vater elevations using measurements made during 

October 1984. Similar vater table configuration likely exists for the middle 

and eastem portions of the facility. 

Interpretation of the vater table map indicates that groundvater flov occurs 

tovard Commencement Bay. Hovever, groundvater conditions in deeper aquifers 

are not knovn. Based on the site location vith respect to the uplands and 
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Puget Sound, groundvater flov vithin the deep aquifer is likely to be in an 

upvard direction tovards the Sound. 

2.2.2.6 Vater Rights and Veils 

Filed vater rights obtained from VDOE for the region indicate that no vater 

rights are deeded for the project site. There are no vater veils on the 

project site. 

2.2.2.7 Groundvater Quality 

Groundvater quality measurements including pH, dissolved arsenic, antimony, 

cadmium, copper, lead, and zinc analyses vere taken from five shallov 

groundvater monitoring veils during late 1984 and early 1985. Results of 

these analyses are summarized in Table 2. The data in Table 2 suggest that 

veils dovngradlent of refineries generally have elevated concentrations of 

metals compared to veils upgradient of refineries. Hovever, large variations 

in concentrations and variable pH values are observed. The reason or reasons 

for the large variations in concentrations over the cause of time have not 

been determined but may be related to variations in sampling. 
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Table 2. Summary of Previous Chemical Analyses by ASARCO (Period: November 1984 tx> May 1985) 

METAL CrNGENTRATiae (mg/L) 

Well 
Number 

1 

2 

3 

4 

5 

pH 

5.9-7.3 

6.5-9.7 

5.0-7.3 

4.2-7.3 

6.0-7.2 

As 

<0.50-1.00 

<0.50-0.55 

<0.50-5.0 

<0.50-10.70 

<0.50-1.90 

Sb 

<0.50-0.70 

<0.50-1.00 

<0.50-1.10 

<0.50-1.00 

<0.50-0.90 

Od 

<0.01 

<0.01-0.02 

<0.01-0.07 

<0.01-0.02 

<0.01-0.03 

Cu 

<0.01-0.88 

<0.01-1.14 

0.04-36.00 

<0.02-4.55 

0.22-5.00 

Fb 

<0.02-0.62 

<0.02-3.40 

<0.02-2.30 

<0.02-1.00 

<0.02-2.40 



3.0 SITE BISTORT 

3.1 History of Use of the Site 

The ASARCO Tacoma smelter site vas developed as a lead smelter in 1890. 

During the first decade, tvo roasters and associated bunkers vere 

constructed, a briquetting machine and sheltering building vere erected, and 

three blast furnaces and an electric pover facility Installed. 

Copper ores had been smelted in one of the lead blast furnaces until 1902 

vhen a dedicated bl£ist fumace vas built and a converter constructed. The 

blister copper produced at the Tacoma plant vas refined at other sites until 

1905. An electrolytic copper refinery auid casting facilities vere completed 

and the first shipment of copper ingots auid ingot bars made in 1905. It vas 

at this time that the facility vas purchased by the American Smelting and 

Refining Company. The lead plant vas closed dovn after ore shipments 

discontinued in 1911. 

Cheuiges in practices at the mines during the early 1900's resulted in 

increased concentrating of ores before shipment to the smelter. This created 

more finely ground materials vhich vere difficult to handle in the furnaces. 

A brick machine vas developed to produce bricks of concentrates and binder 

for easier handling in the blast furnaces. This method vas utilized until 

1930 vhen the blast furnaces vere shut dovn. 

During the period from 1913 through 1917, the entire plant vas practically 

rebuilt. Some of these improvements included the addition of a third copper 

blast fumace, a reverberatoi^ fumace to handle the fine concentrates vith 

six Herreshoff roasters as necessary equipment for its operation, and tvo 

additional converters to handle the matte produced. The original 

electrolytic tankhouse vas enlarged and tvo nev ones added. Receiving and 

storage facilities vere mechanized. 

At this time, the stack on the hill vas built. It originally tovered 571 

feet above the base. Later, due to deterioration of the terra cotta cap, it 
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1 vas shortened to 562 feet. The first industrial electrostatic precipitators 

vere built to trap the fine ore particles carried by the smoke streaun before 

( it entered the stack. Tvo electrostatic precipitators (ESP's) vere installed 

' near the main stack in 1915, £uid vere modernized several times. The No. 1 

precipitator cleaned gas streams from the reverberatory furnace. The No. 2 

precipitator cleaned gases from-the ventilation systems (e.g. slag launders), 

and the anode furnaces after installation of the Herreshoff roaster baghouse. 

Most of these Improvements vere occsisioned by the requirements of fumace 

capacity to treat the tonnage from the Rennecott Mine on the Copper River in 

Alaska. 

The next important improvement vas the building of a nev ore receiving vharf 

I in 1923. This included erection of tvo large Gantry cranes vhich travelled 

along the vharf and dug ore from the holds of ships. They discharged onto 

I conveyor belts running the length of the vharf vhich carried the ore to 

velghing and sampling hoppers and thence to either the crushing plant, or in 

the case of concentrates, to velghing, and then both ore and concentrates to 

storage. 

' Decrease in coarse ore receipts and increase in the finely ground 

concentrates gradually brought about the necessity of adding a second 

( reverberatory furnace. This vas built in 1929. Blast furnace smelting 

operations vere discontinued in 1930. Coarse ore, formerly handled by the 

! blast furnaces, vas crushed and smelted in the reverberatories. 

! Ores vere crushed and samples cut mechanically. Then the crushed materials 

vere transported to storage by belts. Proper mixing of the correct 

• proportion of different types of materials folloved to produce a charge that 

! vould smelt as easily sis possible and result in the desired matte and slag. 

I The charge vas then roasted to preheat it and prepare it for smelting. The 

actual smelting, vhich vas accomplished in a reverberatory furnace, vas a 

i melting process forming matte, a copper-iron-sulfur mixture, vhich settled to 

the bottom. As it settled it gathered any gold and silver contained in the 

I charge. The slag floated on the matte and vas skimmed off £uid dumped. Much 
I 
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of the area on vhich the plant is built vas formed by slag. The Tacoma Tacht 

Club brecdcvater vas built on this material. 

The matte vas tapped from the lov point in the furnace suid air blovn through 

it in a converter. Siliceous ore vas added vhich slags off the iron, leaving 

the blister copper vhich retains the gold and silver. 

After purification in the anode fumace, the molten copper vas cast into 

shapes called anodes. Until 1979 the anodes vere placed in the sulfuric 

acid-copper sulfate baths for electrolytic refining on-site. After 1979 the 

anodes vere shipped by rail to the Amarillo Copper Refinery. Suspended 

betveen the £uiodes vere starting sheets of pure copper called cathodes. The 

electrical current supplied dissolved the copper from the anode and deposited 

it upon the cathode. The gold and silver, vith all but a trace of the other 

impurity metals, vould drop to the bottom of the tanks in the form of black 

mud or "slimes". The pure copper cathodes vere re-melted and cast into 

commercial shapes. The gold and silver from the slimes vere recovered by 

smelting in a small furnace amd capturing the Dore' metal from vhich the pure 

silver and gold vere extracted. 

A sulfuric acid plcuit began producing acid from the converter off-gases in 

1950 and vas enlarged in the 1960s. A liquid sulfur dioxide plant began 

operating in 1974, using cui anhydrous dimethyleuiiline process. 

A baghouse vas installed to handle dusts from the arsenic kitchen and the 

metallic arsenic plant in 1977. Arsenic dust collected from the baghouse vas 

combined vith arsenic from the kitchen for conmiercial sale. 

A converter slag ventilation system vas installed in 1977 in vhich hoods vere 

used to collect emissions vhen converter slag vas returned to the 

reverberatory fumace. 

A larger baghouse begem operating in 1978 to collect particulate matter from 

the Herreshoff roaster gases. More than 99.9 percent of the particulate 
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matter (by veight) vas collected and delivered to the Godfrey roasters in the 

arsenic plant. 

ASARCO'S program of reducing air pollution Impacts by curtailing operations 

during adverse meteorological conditions vas knovn as a Meteorological 

Curtailment Program or a Supplemental Control System (SCS) implemented in 

1970. In 1978, data links vere established alloving PSAPCA access to the 

information generated by the SCS. The SCS vas expanded in 1979. 

The electrolytic refinery ceased operating in January 1979. An anode furnace 

control system vas completed in 1979. 

By the late 1970's, all gas streams emitted through the 562-foot main stack 

first passed through particle collection systems. Gas streams Included those 

from the Herreshoff roasters (after treatment by a baghouse); the 

reverberatory furnace (after treatment by No. 1 ESP); the Godfrey roasters 

and arsenic plant (after treatment by the arsenic baghouse); the tvo sulfuric 

acid plant residual gas streams vhich originated at the converter furnaces 

(after cleaning scrubbers and the cottrells); the anode furnaces (after 

treatment by No. 1 ESP; and emissions from operations such as sleig return to 

the slag skimming from the reverberatory furnace (after treatment by No. 2 

ESP). 

In the 1980's additional and replacement emission control devices vere 

installed: the Godfrey Roaster Baghouse vas replaced in 1983; converter 

secondary hooding vas installed from 1982-1984; and an enclosed conveying 

system to convey the Godfrey Roaster calcines vas installed in the Herreshoff 

roasters in 1983. 

The copper smelting operations vere discontinued in March 1985 due to poor 

economic conditions and increasing pollution control costs. Arsenic 

production continued through January 1986. Activity at the site since March 

1985 has consisted of: cleanup of materials resulting from the collapse of 

brick flues on the property and subsequent removal/storsige and trsuisport of 

demolition material; dust removal activities in exit flues, cottrells, 
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\ storage silos and the arsenic plant; removal and disposal of PCB containing 

equipment; dismantling and removal of equipment for re-use elsevhere; and 

loading arsenic trioxide for shipment. 

3.2 History of Significant Events and Legal Actions 

! 

The history of regulatory activities affecting the ASARCO Tacoma Smelter 

', begins in the late 1960's vith the passaige of air emission standards by the 

Puget Sound Air Pollution Control Agency (PSAPCA). Other regulations 

affecting the pleuit, such as NPDES requirements, vere not applied until 1975, 

although sampling and analysis of on-site surface vaters has occurred over a 

f somevhat longer time period (15 to 20 years). Regulations governing 

.[ hazardous vaste, promulgated by both state euid federal agencies, have been 

used to conduct permitting, monitoring activities, and site inspections, 

mostly from 1984 to 1986. A summary of significant events and regulatory 

activity is provided under tvo headings - Air Quality and Vater Quality. 

Air Quality 

A chronology of air quality-related events affecting the ASARCO Tacoma 

Smelter is provided belov: 

( 

Date Event 

03/13/68 Regulation I vas adopted by the PSAPCA. Regulation I included 

( enforceable ambient standards for SO2 and an SO2 stack 

concentration standard. 

i 

j 07/11/68 PSAPCA issued an order requiring ASARCO to comply vith 

Regulation I standards for SO2 by July 31, 1968. ASARCO 

I responded to the order by filing a lavsuit seeking, among 

other things, a declaration that Regulation I vas 

\ unconstitutional. PSAPCA countersued for a restraining order 

to prevent further violations. 
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Late 1968 - PSAPCA staff met vith ASARCO staff to determine if a method of 

complieuice could be developed. The lavsuits vere held in 

abeyance during the discussions. The parties vere unable to 

arrive at a successful agreement. 

July 1969 PSAPCA demanded compliance vith Regulation I and sought to 

Impose civil penalties. 

12/29/69 ASARCO applied for a variance from ground-level SO2 standards 

until May 1, 1972 in consideration for vhich it offered to 

increase the height of its main stack. 

03/25/70 PSAPCA denied the requested variance. 

08/12/70 After public hearings PSAPCA amended Regulation I SO2 

emissions standards to conform to recently passed state 

standards limiting SO2 emissions to 103̂  of processed-entry 

sulfur. 

11/10/70 ASARCO applies for a five-year variance from August 12, 1970 

amendments offering to construct a nev plant utilizing nevly 

available technology for processing converter off-gases to 

remove almost all sulfur and particulates from converter off-

gases by producing liquid SO2 for commercial sale. 

01/13/71 PSAPCA approved a three-year variance to allov ASARCO to 

install a liquid SO2 plant to control 51% of SO2 vith option 

to renev annuedly until 1975. 

ASARCO appealed the three year variance because it had 

originally sought a five year variance and because of 

provisions in the three year variance requiring ASARCO to be 

in total compliance vithin five years. 
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11/23/71 

1 

) 

\ 

( 

01/12/72 

Summer-Fall 

1972 

The Pollution Control Hearings Board (PCHB) remanded the three 

year varieuice to PSAPCA vith the recommendation to cunend the 

variance to allov ASARCO to amortize its investment in the SO2 

plant and to allov ASARCO more time to decide if ASARCO could 

meet the 90% stamdard. 

PSAPCA adopted an amended variance vhich incorporated the PCHB 

recoiunendations. 

A variety of studies vere conducted by PSAPCA, Seattle-King 

County Health Department (SKCHD), Vashington State Department 

of Social and Health Studies (DSHS) and ASARCO to determine 

lead and arsenic in soil; lead in blood; and arsienic in hair 

and urine of local residents. 

11/13/72 DSHS requested adoption of arsenic standards by PSAPCA. 

01/12/73 PSAPCA requested EPA conduct a total environmental study of 

ASARCO. 

03/14/73 Arsenic regulation adopted by PSAPCA. 

05/73 - 12/73 A series of studies and sampling efforts vere undertaken to 

determine concentrations of heavy metals and minerals in local 

pastures, surrounding soil ares, house dust and fugitive 

emissions from site equipment. 

12/12/83 PSAPCA granted ASARCO a variance extension to April 30, 1974. 

05/06/74 PSAPCA granted ASARCO an extension on its variance until June 

30, 1974. 

06/20/74 PSAPCA granted ASARCO an extension on its variance until July 

31, 1974. 
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07/31/74 PSAPCA Advisory Council revieved the smelter impact studies 

vith representatives of ASARCO, EPA, DOE, DSHS, USPHS, Air 

Quality Coalition and PSAPCA staff. Task Force on Smelter 

emissions vas formed. 

12/09/74 ASARCO indicated by letter that it vould not be able to comply 

vith 90% SO2 recovery standard by December 31, 1976. 

04/17/75 A public hearing vas held on ASARCO'S variance application 

from §9.03 (visible emissions) and §9.19(c) (visible emissions 

of arsenic containing particulate) until 1/31/76. 

05/16/75 PSAPCA denied variance and directed staff to enforce 

s tandards. 

06/25/75 ASARCO commenced a series of appeals to the PCHB seeking 

relief from PSAPCA enforcement of arsenic emission standard 

and visual emission standard and seeking reversal of the 

denial of the variance from arsenic emissions st£uidards. 

08/14/75 ASARCO petitioned the Pierce County Superior Court for order 

to shov cause vhy a preliminary Injunction should not be 

issued to prevent PSAPCA from Issuing civil penalties vith 

respect to arsenic emissions standards vhile state PCHB 

hearing and decision vas pending. 

09/03/75 Pierce County Superior Court issued order restraining PSAPCA 

from issuing further civil penalties and notices of violation 

pending PCHB decision. 

10/31/75 PCHB upheld denial of ASARCO's petition for variance from 

Regulation I arsenic emission limits. 
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12/05/75 ASARCO filed an application for a variance from SO2 emission 

standards (9.07(b) and (c)), visual standard (9.03(b)), and 

requirement to use best available control technology to limit 

arsenic emissions (9.19(c)). 

02/19/76 PSAPCA granted variance to ASARCO for periods ranging from 24 

months to five years (December 31, 1980) depending upon the 

control program proposed by ASARCO and the pollutant involved. 

Conditions included monitoring of SO2 and arsenic trioxide 

emissions and ASARCO support of a urine sampling program among 

certain children for up to one year. 

03/18/76 ASARCO offered settlement of civil penalties at issue in 

appeal scheduled for hearing by PCHB. PSAPCA authorized air 

pollution control officer to accept the offer. 

07/76 - 10/76 Seunple results of site testing shov no abnormal arsenic levels 

vere found in urine samples from Vashon Island residents. 

Arsenic levels in children living in immediate vicinity of 

smelter vere basically uncheuiged from levels reported in 1972. 

03/30/77 PCHB vacated the PSAPCA variance and remanded it to PSAPCA 

based on a finding that an EIS vas necessary. 

04/05/77 EPA issued a notice of violation to ASARCO for violation of 

VDOE and PSAPCA emissions standards for SO2 and particulate. 

08/12/77 ASARCO filed a nev variance application vith PSAPCA. 

12/77 PSAPCA decided that the variance application submitted by 

ASARCO on 8/12/77 vould not be heard until all procedures 

connected vith an EIS vere completed. 
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01/09/78 Pierce County Superior Court vacated the PCHB order remanding 

the variance to the PSAPCA board for failure to perform an 

EIS. 

03/24/78 Citizens group appealed the Superior Court decision. 

08/09/78 OSHA standard of 10 micrograms/m^ for arsenic vent into effect 

2uid vas adopted by VISHA. 

11/29/78 ASARCO vithdrev its August 12, 1977 variance application in 

anticipation of making nev application to supercede the 

variance of 1976. 

01/15/79 ASARCO ceased operation of its electrolytic refiners. VDOE 

cisked EPA to designate ASARCO as eUi attainment area. 

10/11/79 Vashington State Supreme Court ruled that an EIS should have 

been completed before the February, 1976 variance vas granted. 

Variance application vas remanded to PSAPCA until EIS is 

prepared. 

08/12/80 ASARCO applied for extension to 1976 variance until December 

31, 1982. 

08/18/80 PSAPCA approved 8/12/80 application. 

11/05/80 EPA issued Notice of Violation (NOV) for main stack opacity 

under Clean Air Act §113. 

1981 Draft and Final EIS issued on amended 1975 variance 

application. ASARCO vas denied variance from opacity 

regulations but granted SO2 variance subject to full 

compliance by 1987. Also, PSAPCA ordered ASARCO to 

continuously monitor and report ambient arsenic 

concentrations. 
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1982 A study of slag dumping Indicated that arsenic emissions from 

dry slag vere less than previously estimated. Further, 

according to PSAPCA, vet slag dumping produced no arsenic 

release to the atmosphere. A study of urine samples from 

children at Ruston Elementary School indicated no significeuit 

decrease in arsenic concentrations in spite of lesser smelter 

emissions. 

1983 ASARCO notified PSAPCA of plans for a nev SO2 reducing 

smelting process, but stated that it vould not install a nev 

flue gas desulfurization system. 

06/84 ASARCO cuinounced decisions of its Board of Directors to close 

smelter vithin one year due to poor economic conditions for 

copper smelting and high pollution control costs. 

March, 1985 ASARCO Tacoma copper smelter closed. Arsenic plant continued 

operation into January, 1986 to remove arsenic from 

accumulated flue dust. 

Vater Quality 

Scimpling and chemical analysis of on-site surface vaters at the ASARCO 

facility has occurred intermittently over the past 15-20 years. Such 

sampling vas generally conducted in response to upsets or accidental spills 

of material at the facility. Regular monitoring at permitted outfalls as 

part of the NPDES program has been conducted since 1975. Process 

modifications conducted at the site in 1979 have since resulted in no 

discharge of process or contact cooling vaters to Commencement Bay. Three 

permitted outfalls currently discharge to the Bay. The North, Middle, and 

South outfalls discharge stormvater runoff, non-contact cooling vater, £uid 

surface runoff arising from springs located south and vest of the site. 
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'; Total loadings of selected heavy metals (i.e., As, Cd, Cu, Pb and Zn) to 

Commencement Bay from these outfalls vere observed to generally decrease 

during the period 1979 to 1984 (ASARCO 1985). Total loading of these metals 

' during 1984, the last full year of plant operation, vas estimated to be 

. 22,049 lbs from the three outfalls. 

i ' " -

In the past, upsets or accidental spills of chemicals or contaminants have 

occurred at the site. Major upsets documented in VDOE files Include the 

folloving: arsenic flue dust spill of January 7, 1982; sulfuric acid spills 

'• of May 24, 1976, June 10, 1983, and July 29, 1983. These accidental spills 

of contaminants vere all folloved by cleanup £md/or vaste removal by ASARCO. 

( • 

i Areas of the site vhere vaste or contaminant materials occur that may enter 

site runoff vaters have been identified (VDOE 1985). These include: Open 

soils area located north of the cottrell dust storage silos (As); seepage 

from old arsenic bin (As and Cd); soils located' betveen metallic arsenic bin 

; cUid the flue (As); area located near old SO2 off gas flue (As and 

dimethylaniline (DMA)); area under SO2 out gas flue from the SO2 cottrell and 

soils near the SO2 plant (DMA and cadmium), and; area near DMA storage tanks 

(DMA). 

( 

I In the past, the cooling of slag material occurred at the site shoreline. 

Molten slag vas poured into heavy vooden forms at the vater's edge and 

I alloved to cool, forming large slag bulkheads along the vaterfront. More 

recently, molten slag vas poured onto the ground surface in thin layers, 

( sprayed vith Commencement Bay vaters to cool it, and then mechanically broken 

'- up and processed. Industrial Mineral Products, Inc. sold the material for 

I Scuidblasting, riprap, road ballast, and ornamental rock. The aerobic 

i leaching of contaminants from this material has, in the past, been addressed 
in various studies (Nakatani et al. 1972, 1973; Crecelius 1986) and is 

I ' 
I considered to be negligible especially after the material has aged. 

! Prior to closure of the smelter in 1985, airborne particulate emissions from 

the smelter vere subject to dissemination via contact vith site surface 

.[ vaters and subsequent treuisport to receiving vaters of Commencement Bay. 
I 

i 
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Vith plant closure, this mode of surface vater contamination has been 

eliminated. 
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4.0 NATURE AND EXTENT OF THE PROBLEM 

4.1 Migration Pathvays 

4.1.1 Subsurface 

The available geologic and hydrologic data on, and in the vicinity of, the 

project site Indicate that the potential exists for surface contamination to 

migrate to the vater table. Vater balance estimates indicate that sufficient 

precipitation falls on the site to allov groundvater recharge, although much 

of the precipitation falls on paved areas and is collected before 

infiltration into the subsurface. 

Beneath the ASARCO facility, the available data indicate that groundvater 

flovs tovard Coimnencement Bay. Flov occurs vithin the uppermost saturated 

geologic units beneath the southern and vestern portions of the site adjacent 

to the regional uplands and vithin fill materials beneath the portion of the 

site adjacent to Commencement Bay. Belov the vater table, contaminants vill 

generally'migrate in the direction of groundvater flov. Vertical migration 

of contaminants into underlying zones beneath the uppermost saturated units 

is restricted by the relatively lov permeability of the underlying deposits 

and upvard hydraulic gradients vhich likely exist beneath these fine-grained 

deposits. 

4.1.2 Surface Vater 

Surface vater runoff pathvays for the ASARCO RI study area are, in essence, 

defined by the stormvater drainage conduits present on site. Vhile some 

minor diffuse surface vater runoff occurs near the property boundary vith 

Commencement Bay, the overvhelming majority of surface runoff is channelized 

or directed to the existing stormvater drainage system. This drainage system 

has been identified on a general site level by the Tacoma-Pierce County 

Hecilth Department in their 1983 report for the Vashington Department of 

Ecology (Tacoma-Pierce County Health Dept. 1983). More specific drainage 

pathvays have been identified from ASARCO storm drainage blueprints (see 
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Figure 15). These drainage conveyances, in most cases, consist of pipes or 

conduits constructed for the transport of surface stormvater avay from the 

site. Runoff is generally collected in catch basins, conveyed to-the storm 

drain system, and finally discharged to Commencement Bay via one of three 

permitted outfalls (see Figure 15). 

A portion of the on-site surface vater drainage is presently.being collected 

and pumped to an evaporator system. This system is presently capable of 

treating (evaporating) approximately 36,000 gallons per day. Vciste sludge is 

dried emd then shipped to ASARCO's East Helena Lead Smelter for processing. 

Surface vater drainage routed to the evaporator is shovn in Figure 16. 

The integrity of portions of the on-site storm drainage system is in doubt. 

Drainage flovs at the south outfall are alvays lov to non-existent despite 

the fact that a small stream vith an apparent year-round base flov enters the 

drainaige system at a point located approximately 150 meters (500 feet) from 

the outfall overflov structure. Such observations suggest that surface 

vaters are entering the groundvater via a break in the system. The 

significance of this is presently unknovn. 

Because a large portion (50 percent) of the site consists of impervious 

substrate (i.e., roofs, roadvays, and parking lots), permeable surface soils 

are not present to any large degree. This has significance in terms of 

groundvater recharge by surface vaters vhich is, therefore, limited by the 

impervious surface(s) present. 

4.1.3 Atmospheric 

The Tacoma smelter has emitted air contaminants since its construction in the 

late 1800s. The emissions of primary concern have been sulfur dioxide and 

particulate matter from the 562-foot main stack and various lov level 

sources, principally the converter-reverberatory building. Substamtial 

reduction in particulate suid sulfur dioxide emissions resulted from the 

installation of control equipment in the 1970s and 1980s. 
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Because the smelter is no longer operating, it is no longer possible to 

characterize local air quality based on sunbient monitoring data from recent 

years. The folloving~summary of data collected is offered only to provide an 

indication of air quality just prior to the shutdovn, and does not 

necessarily reflect current air quality. References to metal concentrations 

are provided to Indicate potential for continued soil contamination on the 

site. 

Although the only long-term high-volume air sampler near the smelter has 

never recorded a violation of the ambient standard established for total 

suspended particulate matter, the final decade of smelter operation sav 

considerable concern oyer the trace metal contaminants emitted as particulate 

matter from the smelter. Chemical euialysis of stack emissions in 1979 

indicated the particulate matter vas comprised of 46 percent arsenic, 7 

percent lead, and 0.1 percent mercury. Overall, the measurements Indicate 

that the ranking of constituents vere (in decreasing order): arsenic, lead, 

zinc, copper, cadmium, and chromium/mercury (PSAPCA EIS 1980). 

Very fine particles are of particular concem because they do not settle out 

of the atmosphere easily and because they are carried deeper into the human 

lung. 

Since the smelter shutdovn in March 1985 and the subsequent closure of the 

arsenic plant in January 1986, direct process emissions have stopped. 

Therefore, the large sulfur dioxide emissions vhich vere a major issue during 

smelter operation are no longer of concern. Hovever, there remains the 

potential for continued emissions of particulate matter due to clean-up and 

demolition activity on the site. 

ASARCO has monitored the ambient concentrations of arsenic on a daily basis 

at three locations since 1976. Tvo of these locations are near the boundary 

of ASARCO's property, vithin the plant; the other is located 2100 feet to the 

southvest. Through 1979, 10 percent of the dally average concentrations 

exceeded the 2 ug/m^ standard established later by DOE. 
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Studies of ambient arsenic concentrations in 1974 and 1977, vith 2uid vithout 

labor strikes, indicate arsenic concentrations vhich vere 12 and 7 times 

greater during smelter operation them during shutdovns. Average 

concentrations in the 1977 study vere 0.73 ug/m^ during operation of the 

smelter and 0.10 ug/m^ during the strike. These concentrations are 

considerably higher than the 0.002 ug/m^ reported by Valsh et al. (1979) for 

general continental sites. 

Lead has also been monitored near the smelter at the cigency-operated 

monitoring stations at Ruston School, at N. Baltimore St. and at North 26th 

and Pearl Streets. Quarterly average concentrations have been belov the 

ambient standards since lead monitoring began in 1978. The lead 

concentration in particulate matter samples collected by ASARCO at its five 

monitoring sites have been belov 1.4 ug/m^ since 1977. 

Table 3. Ambient arsenic concentrations (ug/m^). (Highest 24-hour 
concentration, number of vedues > DOE stemdard and emnual average) 

LOCATION 1983 1984 . 1985 1986* 

Maury Island 0.33 (0) .09 0.42 (0) .06 0.16 (0) .02 0.02 (0) na 

Ruston School 1.60 (0) .45 2.40 (1) .32 6.89 (7) .77 1.00 (0) na 

N. Baltimore St. 4.01 (5) .45 3.26 (4) .37 5.16 (6) .49 1.14 (0) na 

26th and Pearl 1.00 (0) .11 1.10 (0) .13 1.39 (0) .09 

Dupont 0.13 (0) .01 1.68 (0) .05 0.08 (0) .01 

* First six months only 

Source: PSAPCA annual air quality data summaries 
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Although the smelter amd arsenic plant are no longer operating, on-site 

clean-up and vind may re-suspend particulate matter from the site and carry 

It off-site. A number of studies indicate significant concentrations of 

contamiucmts in the soil on- and off-site. 

Atmospheric transport of particulate matter from the site is a potential 

pathvay for continued community exposure. Sources Include residual process 

materials, contaminated soil on the site, and dust layers on the surfaces of 

buildings and other structures. The potential for re-suspension depends on 

the size distribution and moisture content of the particulate matter, vhether 

it is aggregated or "glued" to other material, vind strength, and other 

factors. 

If the particulate matter from the site is resuspended and carried off-site 

by vinds, people can be exposed by breathing or ingesting particulate matter. 

Factors affecting the impact of an exposure include the concentration of 

suspended particulate matter. Its chemistry and size distribution, the 

duration of the exposure, and the sensitivity of the Individual or 

population. 

4.1.4 Aquatic and Biological Resources 

Possible pathvays for migration of conteuninants from the ASARCO site to the 

marine environment are currently from groundvater flov and surface vater 

runoff. During plant operation, slag dumping, and spills of rav ore from 

barges during off-loading at the ore dock vere also potential migration 

pathvays. 

Surface vater nuioff throughout the ASARCO site is routed to several outfalls 

that empty directly into Commencement Bay. Contaminants, primarily heavy 

metals, come in contact vith ralnvater and are vashed from the smelter site 

into the marine environment. Upon reaching Commencement Bay, contaminants 

are dispersed via current emd tidal action. Effects of contamination on the 

marine environment are dependent upon concentration amd residence time in the 

discharge area. 
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The dumping of slag into Commencement Bay vhich ceased January 1, 1983, 

alloved direct contact of conteiminants vith the marine environment. 

Contaminants most likely vere released at a relatively high rate from molten 

slag, £md more slovly from the slag as it cooled and hardened. Slag dumping 

could have greatly elevated contaminemt levels in Commencement Bay during the 

actual dumping of molten slag, as veil a s elevated background contaminant 

levels from leaching of cooled, hardened slag. Disintegration of slag by 

wave action may contribute to particulate s l a g contamination of adjacent 

marine sediments. 

Contamination of Commencement Bay could edso have occurred from ore spills 

during barge off-loading at the unloading docks. Contaminants could leach 

from rav copper ore similar to the leaching from cooled slag. Significemt 

ore spills could have a greater effect on the marine environment than slag 

leaching due to higher concentrations of contaminants in rav ore than in the 

refined slag. 

4.2 Receptors 

The ASARCO-Tacoma smelter is located in an area including industrial, 

residential, and recreational land use. Human receptors may be exposed to 

contaminants originating from the site through pathvays including air, 

groundvater, surface vaters, soils and dusts, and ingestion of contaminated 

plants cmd animals. 

Previous studies have found elevated concentrations of arsenic in the soil, 

air, and other environmental media in the communities surrounding the ASARCO-

Tacoma smelter. Elevated concentrations of arsenic have been found in urine 

and hair samples collected from children living near the smelter. For these 

reasons, attention has been focused on potential human receptor populations 

and related health Impacts. 

Recent estimates of human exposure to arsenic have been provided in the 

Ruston/Vashon Island Arsenic Exposure Pathvays Study conducted by the 
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University of Vashington. This study included simultaneous collection of 

biological samples (urine, hair) and environmental samples (air, soil, house 

dust, handvash rinsate, drinking vater, garden vegetables). Results released 

in Preliminary Final Major Findings of the Study Indicated that both 

environmental and biological arsenic values are highest closest to the 

smelter and decrease vith increasing distance from the smelter. Available 

data indicates that groundvater beneath the site is a potential receptor of 

contamination originating on the site. Hovever, no drinking vater aquifer or 

veils are present on or dovngradlent at the site. 

Hovever, urinary arsenic concentrations vere not veil predicted by measured 

environmental concentrations. Males under age six appeared to have the 

highest daily intake of arsenic and the highest hair arsenic concentrations. 

Major findings indicated that the majority of the study population had 

urinary arsenic concentrations comparable to other areas vithout arsenic 

emitting sources, arsenic concentrations in drinking vater vere far belov 

state and federal standards and are comparable to concentrations in other 

areas of Puget Sound and that concentrations of ' inorganic arsenic in 

vegetables vere vithin the remge reported for uncontaminated vegetables in 

previous studies. 

Human and environmental impacts (i.e., flora and fauna) have been described 

previously in the Draft Environmental Impact Statement for ASARCO, Inc. 

Application for variance from PSAPCA Regulation I, Sections 9.03(b), 9.07(b) 

and 9.07(c). 

4.3 Potential Impacts 

4.3.1 Groundvater 

Relatively high concentrations of arsenic, antimony, copper, lead, and zinc 

have been detected in shallov groundvater beneath the site. Possible impacts 

to Commencement Bay may exist from discharge of contaminated groundvater to 

the Bay. 
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4.3.2 Surface Vater 

The transport of conteimin£mts via surface vaters from and/or through the 

ASARCO site poses a potential impact to biota present in the receiving vaters 

of Commencement Bay. Due to the physical presence of buildings, roads, 

parking lots, and other man-made structures, the majority of the site 

presently supports little or no terrestrial biota associated vith surface 

vaters. Therefore, potential Impacts associated vith surface vaters of the 

site may be said to arise from stormvater runoff emd the subsequent discharge 

or loading of site contaminants to Commencement Bay. Existing impacts to 

adjacent marine biota and those contaminemts of concem have been recently 

identified by the Commencement Bay Nearshore/Tideflats RI (VDOE 1985). 

The source(s) of those contaminants carried by site surface vaters most 

likely includes VcUites present on-site vhich have not yet been characterized. 

Movement of these vastes through direct precipitation, (i.e., runoff via 

sediment transport or solute transport) may presently be considered to be the 

primary mode of conteuninant transport via site surface vaters. (Solute 

transport or leaching of soluble contaminants may a l s o occur due to the 

movement of groundvaters). 

4.3.3 Air Quality 

Monitoring data from PSAPCA indicate there have been no violations of ambient 

standards for criteria pollutants since the p l a n t ceased smelting in March 

1985. There have been a number of occasions vhere arsenic concentrations 

have exceeded DOE's 24-hour standard of 2 ug/m^, hovever. These exceedances 

have been related to cleanup and arsenic trioxide loading activities 

subsequent to closure. 

Most of the heavily contaminated structures, including the brick flues and 

arsenic plant, vill soon be removed from the site as part of a demolition 

plan approved by EPA. Nonetheless, surface dust zmd contaminated soil may 

still be disturbed and resuspended by on-site activity or vind, and it is 

this potential source vhich needs to be Investigated. 

58 



Midvest Research Institute (MRI) collected surface soil samples and evaluated 

their susceptibility to vind erosion cmd resuspenslon by mechemlcal 

disturbances (MRI 1983). MRI noted that vind erosion vould be minimal during 

Puget Sound's vet vinters and that threshold vind speeds for vind erosion 

i occur less frequently during the drier seasons. 

MRI also noted that material vhich shoved a substantial tendency to form a 

crust, such as cottrell dust, are resuspended at higher rates vhen disturbed. 

MRI concluded that resuspenslon of surface soils by vind erosion vould be 

minimal compared vith potential emissions due to mechanical soil disturbances 

by vehicles or other human activity. 
i 

The primary concern is that fine particles, vhich tend to be more enriched in 

metallic contaminants than coarse soil particles, are also more easily 

resuspended. Furthermore, fine particles penetrate deeper into the liuig, and 

are retained longer tham larger particles. 

4.3.4 Aquatic and Biologic Resources 

The greatest impact to the marine environment from smelter contamination 

could be alteration of the benthic community structure. Species Intolerant 

of cont£unlnation might be eliminated from the population, alloving more 

i tolerable species to flourish. A vorst case scenario vould be elimination of 

the entire benthic community. Alteration or elimination of the benthic 

I community, vhich is near the base of the aquatic food veb, could cause 

alteration of the entire marine community near the smelter. Fish and 

I shellfish could experience a serious reduction in numbers or create a health 

i hcizard to humans from bioaccumulation of conteiminants. 
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5.0 SITE BOUNDART 

The boundaries established for this remedial investigation vere determined 

vith consideration of the actual property boundary of the ASARCO facility, 

nearby slag fill areas, the geographical limits to be covered by the RI 

planned for potential ASARCO-related off-site impacts, and delineation of 

off-shore areeis vhich may have been directly Impacted by plemt activities. 

The purpose of establishing site boundaries is to limit the areas of site 

investigations vhile alloving for coverage of a sufficiently detailed area to 

support the feasibility study. Therefore, the site boundaries Include all 

the Tacoma plemt property and adjacent shoreline to vater depths of 

approximately 200 feet off-shore (see Figure 2). Pending agreement vith the 

Tacoma Metropolitan Park Board, the site boundary vill also Include the slag 

fill area ovned by them and used as a breakvater for the Tacoma Yacht Club. 

This RI vlll not address remedial action alternatives dealing vith sites 

outside the ASARCO property boundary. 
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6.0 INITIAL RKHKDTAI. MEASURES 

Site stabilization activities at the ASARCO Tacoma smelter have been planned 

and Incorporated into the Consent Order negotiated betveen ASARCO and EPA 

(EPA Docket No. 1086-04-24-106). These site stabilization efforts are 

considered Initial Remedial Measures (IRMs) because they are remedial actions 

to be implemented before final selection of appropriate remedial actions. 

The rationale for performing clean-up activities early in the RI/FS process 

is to further limit potential arsenic fugitive dust emissions. 

The IRM vlll Include demolition of various facilities that vere associated 

vith copper smelting and the production of arsenic trioxide and metallic 

arsenic. Due to the accumulation of arsenical dust in these facilities over 

the years, and the potential for deterioration of the structures vith further 

aging, they are considered to pose a greater environmental risk than other 

facilities on-site. Structures to be demolished are shovn on Figure 17, and 

include: 

1. Cottrells (electrostatic precipitators), Including the No. 1 pipe 

treater and No. 1 and No. 2 plate treaters. 

2. Cottrell poverhouse and changehouse. 

3. The remaining portions of No. 1 and No. 2 brick flues. Priority in 

demolition vill be given to the area of the flues shovn in Figure 

17. 

4. Silo emd pneumatic conveyor system. 

5. Arsenic plant. Including the roof and supporting structures, the 

metallic arsenic area, the Godfrey roasters, the arsenic kitchens, 

the fan building, the bunker building, the arsenic trioxide storage 

bins and the #3 boiler building. 
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Specific procedures and environmental controls vhich vlll or have been 

Implemented as part of site stabilization are discussed in detail in 

Attachment A to the Administrative Order on Consent, EPA Docket No. 1086-04-

24-106, negotiated betveen ASARCO and EPA. A brief overviev of the planned 

cleanup activities is provided belov. 

The major items of preliminary cleanup activities are: dust removal from 

various structures, cleanup of collapsed brick flues, removal of asbestos, 

removal of reusable equipment emd disconnection of utilities. 

Dust Removal 

Brick Flues. Dust in the No. 1 and No. 2 brick flues vas removed by pulling 

the dust from the flues vith a scraper to railroad gondola cars located in a 

passagevay betveen the arsenic plant and the vaste heat boiler areas. Flue 

pulling Vcis not completed due to the unexpected collapse of a portion of the 

flues. The remaining flue dust vlll be removed during demolition. 

Exit Flues. Dust in the exit flues from No. 1 and No. 2 plate treaters, as 

veil as dust at the base of the stack, vas removed using small front end 

loaders and hamd shovels. Dust in the No. 2 exit flue vas removed and 

handled in a similar fashion. Folloving demolition of the No. 1 exit flue, 

the opening at the base of the stack from this flue vill be permamently 

sealed. 

Cottrell Hoppers zmd Dust Conveving Systems. Collection hoppers jmd dust 

conveying systems located in the basement of each treater building vere used 

for collection of dust from the Cottrell electrostatic precipitators and 

transference to storage silos. These structures vere emptied and cleaned as 

part of the preliminary cleanup vork. 

Cottrell Buildings. Dust removal efforts in all three Cottrell buildings 

included removal of remaining dust in the treaters by using plant air to blov 

dust into collection hoppers in an enclosed screv conveying system. Settled 

dust vas also cleaned from the floors and valkvays in the area. 
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Storage Silos. The four storage silos and associated dust conveying systems 

vere emptied. To ensure complete evacuation, all hoppers, including pressure 

pots, vere opened and inspected. 

Arsenic Plant. Except for the arsenic trioxide loading area, all accessible 

structures in the arsenic plant area, including roofs, beams, cross members, 

and floors, have been vacuumed. The arsenic trioxide loading area vill be 

cleaned once its use is discontinued. 

Clecmup of Collapsed Brick Flues. During the summer of 1985, after copper 

smelting operations had ceased at the ASARCO plant, a portion of No. 1 and 

No. 2 brick flues collapsed (see Figure 17). It is possible that the 

deteriorating structures vere veakened further by the flue pulling conducted 

in preparation for demolition. The collapse resulted In a pile of rubble, 

consisting primarily of brick, but also containing concrete, steel, vood and 

flue dust mixed vith soil. Several vails and a steel crossover flue 

immediately adjacent to the collapsed flue sections vere also in danger of 

collapse. 

Folloving the collapse, ASARCO took a number of steps to ensure the safety of 

employees vorking in the collapse area and to prevent dispersion of flue dust 

by vind or surface vater runoff. Vith the permission of the Tovn of Ruston, 

unstable structures adjacent to the flue sections, including the steel 

crossover flue, vere removed. All rubble vas removed using front end loaders 

and dump trucks. The material vas transported to either the fine ore bins or 

a converter aisle located on plant property for temporary storage until it 

could be analyzed for toxicity and a method of disposal determined. The 

storage areas vere covered and protected s o the materials vere not subject to 

surface vater runoff or vind dispersion. 

After cleem-up, the collapse area vas graded, vith approximately the top 

three feet of soil removed and added to rubble stored at the plant. The 

entire area of collapse v a s then covered vith heavy plastic material, \[diich 

vas securely amchored, to ensure that rainfall and subsequent surface vater 
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nmoff vould not come into contact vith the exposed area. This plastic cover 

vill be maintained until the demolition of adjacent structures begins. 

Based on an analysis of brick rubble using the Extraction Procedure (EP) 

Toxicity Test, the rubble in temporary storeige vas designated as dangerous 

vaste due to concentrations of arsenic and cadmium. After a contract vas 

executed vith Chem-Securlty Systems, the material vas transported to its 

fully permitted hazardous vaste disposal site in Arlington, Oregon. It is 

estimated that approximately 2,200 tons of this material vas removed from the 

site. 

Because the flue collapse occurred before all flue dust could be removed from 

the brick flue system, some flue dust still remains. Due to the structural 

instability of the remaining flues, it is not possible to conduct any further 

deeming. Therefore, this dust vill have to be removed at the time of 

demolition. 

Asbestos Removal. Asbestos-bearing materials such eis vail and pipe 

insulation vill be removed from buildings prior to demolition in areas vhere 

EPA's amd ASARCO's OSC agree that such removal is practicable. ASARCO has 

identified areas vhere insulation is knovn to be present, and has determined 

by laboratory analysis, vhere necessary, vhether the material contains 

asbestos fibers. 

Reusable Equipment. Reusable items of equipment in the structures to be 

demolished vill be removed and retained in storage for subsequent sale or for 

use in another ASARCO facility. This includes certain electrical 

trsmsformers, motor control center equipment, stack heater equipment, 

instrumentation, etc. 

Disconnection of Utilities. The folloving steps have been taken or are 

planned to disconnect utilities prior to demolition: 
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', 1. All D.C. pover vas turned off at the transformers after completion 

of flue pulling and other clean-up activities. Before demolition, 

f all electrical svitchgear cmd equipment vill be removed. 

^ 2. The natural gas lines vere purged and certain vater lines drained. 

( To accomplish this, air vas introduced at the main headers and 

bremches at the ends of the lines vere opened. Vater vill remain 

in some areas to aid in dust control. 

I ,' 
3. Air lines vere disconnected except those that vill be heeded in 

some areais during demolition and cleemup. 

Removal of PCB Equipment. As of May 1, 1986, all equipment containing 

polychlorinated biphenyls (PCB) has been removed from the site and disposed 

of in accordance vith EPA regulations. There is no PCB-containing equipment 

on-site at this time 

I ( 
I ( 

I 

) 
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7.0 POTENTIAL GENERAL RESPONSE ACTIONS 

Five alternative categories of remedial action are considered for further 

refinement into general response action alternatives. Before serious 

consideration of viable remedial strategies can occur, remedial action data 

needs must be Identified and addressed from site specific remedial action 

alternatives. Five (5) performance categories of remedied action have been 

identified: 

1. Off-site disposal of contcuninated site materials 

2. Alternative technologies that achieve public health and 

environmental stzmdards 

3. Alternative technologies that do not achieve public health and 

environments^ stemdards 

4. Alternatives vhich do not achieve public health or environmental 

standards, but vill reduce the likelihood of present or future 

threat from hazardous substances 

5. No action 

Vithin the first four categories is a universe of potential engineering 

alternatives. The selection of various technologies vill depend upon the 

effectiveness of the technology and the degree of cleanup required. This 

degree of cleanup, or clesmup stemdard vill be based on Agency consideration 

of migration pathvays emd Identification of receptors. 

Some technologies vhich appear to be common to Alternatives 1 through 4 are: 

1. Soil removal; partial or complete 

2. On-site disposal 

3. Off-site disposal: demolition landfill, sanitary landfill, RCRA 

facility 

4. Groundvater pumping: vith treatment, vithout treatment 

5. Containment: capping 
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6. Collection: sedimentation basin, french drains, gas collection 

system to control emissions 

From these general response actions and associated remedial technologies, 

further media specific alternatives csm be derived vhich include: 

1. Air Pollution Controls: capping 

2. Surface Vater Controls: capping, grading, revegetation, diversion 

cmd collection 

3. Leachate and Groundvater Controls: capping, groundvater pumping, 

collection drains 

4. Radon Migration Controls: capping, active gas collection systems 

5. Excavation of Soils and Vaste: excavation, grading, capping, 

revegetation 

6. Removal of Contaminated Sediment: sediment removal, sediment 

turbidity control 

7. In-situ Treatment: oxidation 

8. Direct Vaste Treatment: Incineration, gaseous vaste treatment 

The previous options vill be considered in combination in order to produce 

optimum results. Numerous site specific parameters vill affect the ultimate 

remedial action. These parameters Include: site area and volume; site 

geometry; soil texture; permeability moisture; site topography emd relief; 

drainage and vegetation; site geology including boundary conditions of 

groundvater flov; groundvater velocities; emd the rate and extent of existing 

contamination. Furthermore, the nature of contamination vill have a 

tremendous influence on the selection of remedial action altematives. 

Of particular importance are the mass £md volume of contsunlnants present, the 

chemistry of the contaminants vhich Influences toxicity and environmental 

migration, cmd the treatability of the particular contaminants. 
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8.0 DATA NEEDS 

8.1 Vaste Qiaracterizatlon 

The objective of this effort is the regulatory characterization of certain 

site specific vaste materials. These materials vill be identified during the 

course of the remedial investigation and embrace the universe of potential 

site derived media. Those materials identified for vaste disposal vill be 

managed according to the appropriate techniques described in the Resource 

Recovery and Conservation Act (RCRA) or the Vashington Administrative Code 

(VAC-173-303) for Dangerous Vastes. 

In order to assure compliance vith the appropriate regulations, materials 

vlll be sampled emd analyzed to determine vhether or not they are hazardous. 

Guidcmce for such ssimpling emd analysis are contained in SV-846, Test Methods 

for Evaluating Solid Vaste: Physical/Chemical Methods, July 1982 (Update I, 

4/84; Update II, 3/85), U.S. Environmental Protection Agency, Office of Solid 

Vaste and Energy Response. 

Material tested for regulatory complismce vill be handled and managed 

accordingly. It is anticipated that the multi-media vaste stream generated 

by this remedial investigation vill require thorough characterization, and 

the existing environmental data bases associated vith ASARCO cam not address 

vaste characterization for regulatory compliance purposes. 

8.2 Groimdvater 

Sufficient geologic data exist to a s s e s s the regional and general site 

geologic conditions. Hovever, the northem one-third of the site appears to 

be underlain by a different geologic sequence as compared vith the remainder 

of the site. The geologic sequence beneath the northem third of the site 

needs to be further defined. 
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Three fill types have been identified to exist beneath the site. The 

distribution, thicknesses, composition cmd extent of these fills should be 

^ further defined. 

. Limited hydrogeologic information exists for the site. Vhile the available 

.' data indicate groundvater flovs tovard Commencement Bay, additional data 

should be collected to support this finding. The interaction of groundvaters 

vith Commencement Bay, groundvater quality conditions and loadings to the Bay 

via groimdvater trsmsport should be further assessed. 

' 8.3 Surface Vater 

j 

Data are lacking vith vhich to determine contaminants present in surface 

vaters entering and present on the ASARCO RI site. Vhile data has been 

collected and is presently being collected from the three permitted outfalls, 

this information gives no indication as to the upstream source of 

contaminants. In at least one case, outfall discharge appears unrelated to 

upstream stormvater conduit flov (i.e., the South Outfall). Because most of 

I the site surface vaters have not been characterized, the potential impacts to 

• receptors, including humems, have yet to be fully evaluated. 

f 

,' Stormvater discharge and loading of contaminants to Commencement Bay 

receiving vaters have not been evaluated for at least tvo of the three 

I outfalls. The North and Middle Outfalls are sampled once daily for a veekly 

composite ssunple, thus storm event characterization of these discharges does 

not exist. 

The significance and contribution of seeps and springs present in the study 

I area have not been evaluated. 

) 8.4 Soils 

[ Soil data gaps and uncertainties exist at the ASARCO facility, and must be 

filled £md/or resolved in order to "identify threats to humcm health, velfare 

or the environment..." and "to identify and evaluate remedial actions vhich 
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vill mitigate these threats." The identified data gaps consist of areal 

distribution of contaminants, vertical contaminant distribution, average 

contaminant values for specific soil types, and representative soil particle 

size distributions. 

Soil conditions at the ASARCO facility are highly anisotropic vith respect to 

both physical and chemical properties. Anisotrophy is the result of 

directional variations that have resulted from natural and artificial 

depositional events, materials-handling practices and historical site 

activities. In spite of these variations, tvo regions of similarity in soil 

conditions can be identified: site areas underlain by natural soils, and 

areas of extensive fill. Soils must be evaluated in these regions to 

establish certain intrinsic properties such as particle size distribution, 

vhich are of significance in determining the Impact of this site on the 

environment by airborne transport of fugitive dust and their respective 

chemistries. 

From an environmental standpoint, this site may represent a loading source 

for various metals smd certain orgamisms into the environment. Therefore, it 

is essential that average values of contauninant concentration be established 

for these soils. Such averaged values vlll be used to estimate leaching 

potential as veil as assessing the potential airborne Impact of site soils. 

8.5 Air Quality 

A number of tcisks remain before a satisfactory evaluation of the site can be 

conducted. The first task is to evaluate existing monitoring and 

meteorological data. TRC has obtained magnetic tapes of suspended 

particulate matter data (and chemistry) from ASARCO's sampling netvork and 

almost five years of meteorological data from the Tavem site. Data from 

these tapes are being dovnloaded to floppy disks for analysis during Task 3-

Site Investigations. 

Size-segregated chemical data for on-site particulate matter are needed. As 

noted above, a number of previous studies have reported, to various degrees 
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of detail, concentrations of contaminants in surface soils on and off-site. 

These studies vere conducted during smelter operation, and may not be 

representative of current conditions. The resuspenslon of soils currently 

present on the site may produce significantly different aerosols than have 

been measured in the past. Studies near a nov-closed lead smelter in 

Kellogg, Idaho, for exeunple, shoved that the lead concentration in suspended 

particulate matter had a half-life of 4 to 5 months (Cooper 1986). 

The air quality models to be used during the feasibility study consider the 

size distribution of particulate matter vhen determining the concentration at 

a distance from the source. TRC recommends extending the sizing techniques 

planned for the soils analysis to focus on particles smaller than 30 microns, 

vhich are the particles most easily resuspended smd carried for significsmt 

distances. Analysis of metal concentrations, especially arsenic, in several 

size classes less than 30 microns, are recommended. 

A final task to be completed during the remedial investigation is a more 

careful evaluation of sensitive receptors near the site. These receptors 

vill be used in the modeling study to evaluate the impacts of resuspended 

particulate matter from the site. 

8.6 Aquatic and Biological Resources 

Determination of contamination effects, if any, from the ASARCO smelter 

requires data be collected that describe the extent of areal and depth 

distribution contamination and the cissoclated distribution of marine benthos. 

An initial examination of surficial sediment contamination, over a broad 

area, vill determine the areal extent of any contaunination amd concentration 

gradients of contaminsmts. Core sampling for contamination depth 

distribution, and van Veen grab sampling for biological contamination 

effects, vill both be dependent upon the results of the surficial sediment 

chemistry analysis for the location of sampling stations. Analysis of data 

obtained from core saunpling and biological sampling vill determine the depth 
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distribution of contaminants in the sediment and contaminemt effects on 

marine biota Inhabiting the sediment. 

8.7 Receptor Identification 

Relevant information on levels of contsuninants amd potential pathvays for 

contaminant migration should be generated from the results of the Sampling 

and Analysis Plans describing on-site vaste materials, groundvater, surface 

vater, soils, air, and aquatic and biologic resources. Other pertinent 

information required to perform the receptor investigation include the 

folloving: 

o Current uses of groundvater (residential, municipal, industrial 

veils) potentially transporting site conteunlnzmts 

0 Current uses of surface vater and site runoff vater 

0 Estimates of human exposure to contaminants via ingestion of 

contaminated flsh and shellfish 

0 Estimates of long-term impacts to local flora emd fauna 

Information regarding special plant species smd communities in the site 

vicinity vill be obtained from the Vashington Department of Natural Resources 

Natural Heritage Program. Similar Information regarding endangered, 

threatened, or sensitive animal species vill be obtained from the Vashington 

Department of Game Nongame Program. 

8.8 Slag Leaching and Radon Emissions 

Laboratory studies have been completed on the metal leaching properties of 

ASARCO slag. Limited field data exist to evaluate hov the laboratory results 

represent field conditions. Additional data are needed to assess hov 

accurately the laboratory conditions and test results represent field 

conditions. 
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Since much of the facility consists of fill, vhich Is smelter s l a g , the 

impact of this material on the environment must be addressed during the 

remedial investigation. To accomplish this, seunples of leachate vlll be 

collected, analyzed for contaminants of concem, and the results compared to 

concentrations of contaminants determined to be present in the slag. Since 

leaching is a function of both contaminemt of concern and the porosity zmd 

permeability of the slag, preliminary estimates of slag porosity and 

permeability vill also be considered in evaluating the potential for slag 

leaching. 

Monitoring for Radium 226 vill occur as elements of the groundvater, soil and 

slag investigations. A specialized Radon monitoring program vlll be included 

as an element of the slag leaching investigation. Concern regarding these 

elements amd their potential at this site has been raised by the regulatory 

community. Vhile it is not believed that the activities vhich occurred at 

ASARCO have had significant potential for concentration of these elements in 

slag, the testing carried out during this effort should emsver such concerns. 
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